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FOREWORD 
The original data on predator food habits and prey populations 
forming the basis for this bulletin were obtained mainly from 
two cooperative studies. The first was the Wisconsin Quail In-
vestigation, 1929-32, established at the University of Wisconsin 
by the Sporting Arms and Ammunition Manufacturers' Insti-
tute and the United States Biological Survey; the second, th~ 
Iowa wildlife research program, 1932-35, Iowa State College 
and Iowa Fish and Game Commission, aided by financial con-
tributions from J. N. ("Ding") DarEng. Particular .acknowl-
edgement is made of help with specimen material by the Division 
of Food Habits Research of the Biological Survey and of the 
willingness of a third and current Cooperative Unit 1 to have 
the senior author conclude partially on its time the necessary 
manuscript work. The junior authors had official responsibili-
ties in connection with the horned owl research from 1932 to 1935. 
In a study covering many years and such wide areas and 
bound up with other researches to the extent that this one has 
been, it would be manifestly impossible to list individually all 
persons who have in some way cooperated; hence our policy will 
be to give credit in the bibliography and in appropriate places 
i.n the text for the more important contributions. 
1 Iowa State College in cooperation with the United States .Biological Survey, the 
American Wildlife Institute and the Iowa Conservation Commission, 1935-40. 
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SUMMARY 
Along with other predatory species, the grcat horned owl has 
been studied in north-central United States, particularly in Iowa 
and southern Wisconsin localities in which ecological research 
upon certain prey types has been carried on contemporaneously. 
After investigation by field and laboratory methods involving ex-
perimentation with captive horned owls and observation in na-
ture, it became obvious that the mass data on feeding trends re-
quired by the program could be best obtained through pellet 
studies supplementcd by whatever additional techniques would 
yield information. 
'l'he horned owl food habits data upon which this bulletin is 
partly based were gathered largely between 1930 and 1935 and 
were the product of experience with 84 horned owl nests, examin-
ation of 4,815 pellets and 23 food-containing stomachs and 
records of direct predation. The prey types studied were chiefly 
upland game birds, waterfowl and fur-bearers, though many 
other forms were observed incidentally. The general procedure 
was to continue, so far as feasible, work on predation and popu-
lation year after year on specific areas and to correlate the data 
from both; in this way, not only have some of the reasons for pro-
nounced changes in food habits of predators become evident, but 
a superior background for evaluating effects of predation upon 
population levels of prey species has also resulted. 
Data on horned owl feeding trends are less complete for the 
warmer half of the year, during which but 20 percent of the ex-
amined pellets were gathered, and are only fragmentary for late 
summer and early fa ll. The field data on prey populations are 
similarly weak for these months, so our knowledge of predation 
and popUlation phenomena at the season of maximum abund-
ance of active predators and prey, alike, is distinctly limited. 
For the remainder of the year, the data appear reasonably 
adequate. 
On the whole, it seems doubtful if north-central horned owls 
and associated predators exert a dominant influence upon popu-
lations of prey animals taken. The predators, even in numbers 
as great as many may themselves tolerate or can maintain locally, 
seldom appear to utilize more than a small proportion of the 
staple foods, i. e., rabbits and mice, conveniently available to them 
and, as a rule, turn to other mammals or to birds when these 
temporarily become more available than the prey staples. Over-
popUlation of habitats by nonstaple prey species has been ac-
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companied by some of the most pronounced rises in representa-
tion of these types in diets of such flesh-eaters as the horned owl; 
crises precipitated by weather, destruction of environment, hu-
man activities, etc., were often reflected, as well, by response of 
predators to increased vulnerability of given prey animals. 
Predator-prey relationships studied in the north-central region 
were flexible, and predators did not always respond to apparent 
changes in availability of prey. Nevertheless, unrelieved basic 
insecurities of prey populations were often attended by response 
{)f some predators sufficient to compensate, at least in part, for 
lack of utilization by others; and compensatory tendencies in loss 
rates of prey animals were noted under a wide range of conditions 
having little evident connection with kinds and densities of pre-
dators. 
762 
Fig. 1. Adult great horned owl with young in nest. Photo by Stanley F. Stein. 
The Great Horned Owl and Its Prey 
In North .. Central United States2 
By 
PAUL L. ERRINGTON. FRANCES HAMERSTROM AND F. N. HAMERSTROM, JR. 
The opportunism that governs much of the preying of the 
great horned owl (Bubo virginianus)" (fig. 1) has been brought 
out by correlation of its food habits, among those of other pre-
dators, with data on contemporaneous and local status of certain 
prey populations (46). Such a background for the appraisal 
of predation phenomena makes study of this owl's feeding trends 
of exceptional biological interest. We may see, for instance, 
that unusual representations of non-staple prey in its diet reflect 
to a considerable extent insecurity of animal populations due 
to overcrowding, intraspecific friction, evictions from habitats 
and miscellaneous natural emergencies (44, 46). Even what 
may look like routine utilization of staples, such as rabbits and 
mice, can be conditioned by factors appearing far from simple 
in analysis. 
Food habits data-including some published in an earlier 
paper (31) but corrected and recast for present use-resulted 
mainly from research carried on between 1930 and 1935 in 
Iowa and southern 'Wisconsin, supplemented by information 
gained prior to, and after, these years. They are the product 
of field observations, experience with 84 horned owl nests and 
oxamination of 4,815 pellets and 23 food-containing stomachs. 
Of the methods used, the study of pellets proved the most 
satisfactory approach to the technical problems of the investiga-
tion. Full consideration has been given the objections of Brooks 
(18) to the use of pellets in raptorial food studies, and the 
lJo~sible application of these objections to the research program 
as conceived in 'Wisconsin in 1929 was explored through experi-
mentation and field investigation (30). Feeding and pellet 
formation of the horned owl and the salient advantages and dis-
a,dvantages of pellet studies of this species have been recently 
discussed (46); let it therefore suffice for the requirements of 
this bulletin to give the gist of the evidence we have and that 
to be found in the pertinent literature. 
2 Project 330 of the Iowa Agricultural Experiment Station. 
3 The reader interested in subspecies of the horned owl occurring in the north-central 
region is referred to the recent study by Swenk (116). 
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Fig. 2. Horned owl pellet made up of avian remains so bulky that much of the 
feather material had not reached the owl's stomach. 
Horned owl pellets, which are regurgitated castings, usually 
show the remains of prey animals in fairly identifiable con-
dition. Fur or feathers mayor may not be appreciably reduced 
during digestion; but bones, as a rule, come through without 
much change, except those of very small size or of cartilaginous 
consistency (46, 105). It is probable that occasionally a horned 
owl may eat some animal such as a tadpole or an earthworm, 
evident debris of which might not appear in pellets; but we 
have found remains of soft-bodied caterpillars, small amphib-
ians and very immature, small mammals and birds. 
The horned owls studied in captivity and in the wild gave the 
carcasses of food animals a rough dressing, if any at all, and 
typically swallowed chunks of :flesh with accompanying fur, 
Feathers and pieces of bone. The pellet of fig 2 consisted in large 
part of feathers too bulky to be taken into the owl's stomach. 'Ve 
have occasionally found rabbit feet, wings of medium-sized birds, 
or similar material attached to pellets. Flesh may be picked 
away from bones or tough skin of exceptionally large food 
animals, but, in the instances coming to our attention, quanti-
ties of fur or feathers were also ingested. 'rhE' only record we 
have of an important item in the diet of free-living horned owls 
not being represented in pellet contents relates to spring scaveng-
ing upon a freshly skinned cow carcass (32). 
If the horned owl pellets are gathered with proper precau-
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tions, the risk of contamination with pellets from barred owls 
(Strix varia) • and other owls may be reduced to negligible pro-
portions in non-coniferous country of the north-central states (30, 
46). Lots totaling hundreds of pellets were discarded as of 
questionable origin, having been deposited mostly in fall and 
early winter before breeding season intolerances restricted the 
use of certain feeding and roosting sites to individual owls or 
pairs. For the balance of 4,815 pellets judged eligible for study, 
the incidence of contamination is beli.eved to be considerably 
lower than 3 percent. 
Pellets may be collected in large lotS' in localities where it 
would be difficult to secure more than a limited number of stom-
achs or observational data of quantitative significance and may 
thus supply the mass data on feeding trends needed for correla-
tion with population studies of given prey species. Under favor-
~ble circumstances, time of deposition of the Wisconsin and Iowa 
pellets could be ascertained with some exactness from mucus con-
tent and appearance; even when months old, it was frequently 
possible to date them within a few weeks by the aid of meteoro-
logical records: Contained prey items, especially remains of mi-
gratory birds, also yielded useful phenological information. 
The familiarity with the habits and idiosyncrasies of individual 
horned O"\.vls, or of family groups, that is often essential in judg-
ing the reliability of pellet collections may be gained only occa-
sionally and usually with difficulty except when the owls are 
scarce or during the months of social and breeding intolerance. 
Accordingly, we have made special efforts to obtain pellets de-
posited after the beginning of the period of evident territorial 
activity as manifested by vigorous hooting, which Baumgartner 
(10) found occurred between late November and about the first 
of January at Lawrence, Kan. , and about a month later at Ithaca, 
N. Y. In southern Wisconsin it was observed that many, but not 
all, horne til. owls wintered in the vicinity of future nesting sites. 
Variable quantities of freshly ejected pellets could be gather-
ed about used nests from February to late April or early May. 
Although dependent upon their parents for food until midsum-
mer or later, the young, if permitted to remain free, would gener-
• The barred owl. although nearly the same size in outline as the horned owl. is dis-
tinctly the more slenderly built and weaker. At times when smaIl mammals. small 
birdR. snakes, amphibians and large invertebrates may be abundant or from some 
cause highly vulnerable to predation. the prey taken by the two owls may differ 
only slightly (56). but. in localities where we have worked. the barred owl seldom 
seems to attack adult rabbits and hares (Leporidae). which often constitute staple 
food for the horned owl. 
• Experimentation has been done to investigate changes in different types of peIlets 
through the action of "eathering or of plants and animals. Where usually found. 
pellets maintained their form rather well during the months when precipitation fell 
as snow but tended to dis integrate quickly in the spring rains. During the warm. 
humid weather of late spring and midsummer. they would, in a few weeks, either be-
('crne covered with saprophytic growths or remain visible only as scattered 811d bleach-
ed bone fragments; after that. it would not be long before they were buried in the 
humus or soil. 
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Fig. 3. Young horned owl tethered for purposes of 
study. Note the slope of the g round which allows 
the pellets to roll out of the space trampled by the 
owL 
in good sequence to July or August. 
ally terminate op-
portunities for pel-
let collecting b y 
leaving the vicinity 
of the nest; hence, it 
proved advantage-
ous to fasten them 
with chains, swivels 
and leather anklets 
(30) on sloping 
ground down which 
pellets from food 
currently supplied 
by adults 6 could roll 
out of reach of 
trampling feet (fig. 
3). By means of 
this technique, data 
on feeding trends of 
given family groups 
have been procured 
Of 4,838 pellets and stomach contents, 3,852 or 80 percent were 
from late fall to early spring; 986 or 20 percent, from the warm-
er half of the year. '1'h1'ce hundred and six of the 3,852 from late 
fall to early spring were known to have been ejected by nestling 
owls, and at least 709 of the 986 late spring to early fall pellets 
were from young owls almost wholly dependent upon their 
parents. 
The seasonal food habits picture is the most out of balance for 
late summer and early fall, when pellets of unquestionable identi-
ty were found in very limited numbers. Not only does there 
i;:eem to be erratic movement on the part of young owls sub-
sequent to "weaning," which apparently occurs at about this 
time of year (14, 32), but the adults also use specific roosting 
stations in deciduous woods with much less regularity. Further-
more, the ground vegetation may be so dense as to interfere with 
searches for pellets, and clues as to the origin of pellets discover-
ed at random have diminished value because of the common feed-
ing of many large and medium-sized raptorial birds upon the 
arthropods and young vertebrates so liberally available by 
autumn in this region. 
The specimen material was handled as two main groups. Most 
of the 'Wisconsin series of 2,266 pellets and stomachs were gather-
ed by Errington, given a preliminary examination by him, then 
• As a rule. the vertebrate food of the adults corresponds to that fed the young-free 
or tethered-but the occurrence of invertebrate items in pellets of different sources 
may frequently be difficult to interpret (eee lat ... discussions in this writing). 
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submitted to the United States Biological Survey for the final 
analyses, which were made principally by Arnold L. Nelson, 
Robert H. Gensch and Clarence F. Smith. 
In other states, Malcolm McDonald, Parsons College, Fair-
field, Iowa, contributed 196 pellets from that neighborhood; 
Ralph T. King, then of the University of Minnesota, 60 pellets 
from the Forestry Station at Cloquet, Minn.; W. J. Brecken-
ridge, University of Minnesota, 308 pellets from the vicinity of 
Fridley and Anoka, Minn.; and the remaining 2,008 pellets and 
stomachs were collected largely by the authors and Mrs. Ruth 
Dudgeon Adams. Preliminary examinations were usually made 
by the jUllior authors and Mrs. Adams, with the aid of a fairly 
complete reference series of skins and skeletons of midwest mam-
mals and birds and the entomological collection of Iowa State 
College. Errington subsequently reworked all of the Iowa, 
Minnesota, and South Dakota pellets, sending the more diffi-
cultly identifiable items to the Biological Survey. 
The summarized results of analyses of pellet lots having special 
Learing upon the subject matter of this bulletin are given in the 
Ilppendix. Food items are listed by names 7 expressing the most 
precise identifications made, with exceptions to be explained. 
Two species of meadow mouse (Microtlls pennsylvanicus and M. 
Och1'ogaster, of which the latter was less common) were often 
recognized, but these are not differentiated in this paper. "Deer 
mouse " includes PeromysCtlS leucopus, P. maniClllatus bairdi, 
and remains of many individuals of PM'omyscus not further 
identified. Insects are designated by genera for convenience and 
space-saving, even when specifically determined. 
Insofar as rabbits and hares comprised the greater part of the 
horned owl 's staple prey, it was thought that arrangement of 
food types in descending phylogenetic order would facilitate 
comparisons of feeding trends. This arrangement was followed 
not only in the appendix but also as conscientiously in the tabular 
presentations as the necessity for lumping data allowed. Obvious-
ly such categories as resident and migratory birds included many 
species only remotely related; and, even in less comprehensive 
groupings, bitterns and herons (Ardeidae) and grebes (Colym-
bidae ) were placed witn certain other water-frequenting birds as 
shore birds (Charadriodea) and rails and allies (Rallidae). 
7 Nomenclature used for birds was that of the 1981 checklist of the American Orni-
thologis ts' Union (5); for mammals. Anthony's Field Book (7), except for weasels 
(71) ; for lower vertebrates and invertebrates , authorities used by the Biological Survey 
and Iowa State College for general purposes. 
768 
FEEDING TRENDS OF THE GREAT HORNED OWL 
IN THE NORTH-CENTRAL REGION 
In the following presentations of data, subregion I refers to 
southern Wisconsin (work was done chiefly in Dane, Sauk and 
Columbia Counties) ; II, southern and cBntral Iowa (Story, Polk, 
Jefferson and \Vapello Counties) ; III, northwestern Iowa (Palo 
Alto and Emmet Counties) ; and IV, central Minnesota (Anoka 
and Carlton Counties) and western South Dakota (Haakon 
County). 
The data summarized are from pellets and stomachs only, as 
those from other sources-whatever their occasional qualitative 
importance-were of practically no value in quantitative studies 
because of the disproportionate conspicuousness of feathers and 
remains of large prey (30, 46 ). For information on uneaten or 
fragmentary prey items found about nests and feeding places, 
the rE~ader may consult the '¥isconsin family studies in the ap-
pendix (A), 1929-32 ; in later years, the practice of recording 
such non-pellet remnants was largely discontinued unless the 
kming or eating of certain animals by the owls was in itself of 
interest. Food remains encountered at random in the field were 
chiefly of rabbits, small owls, gallinaceous and passerine birds; 
infrequently, of smaller mammals, such as mice. 
The food habits data we have can usually be expressed in 
number of times remains of prey animals or groups are repre-
sented in collections of pellets or as percentages of pellets con-
taining' representations. Each representation of medium-sized 
prey-or even small prey-should not necessarily be thought of 
as remains of a separate individual, for it has been plain from 
field and experiment.al studies, alike, that a given victim may 
serve as food for more than one owl or as more than one meal 
for a single owl. 
Individuals of small animals distinguished in the pellet 
analyses are given as total numbers or as average numbers per 
containing pellet when for any reason that seemed desirable. For 
small mammals and small birds, the individual counts probably 
included some duplication but hardly enough to have a signifi-
cant effect on the totals arrived at. 
Bones sorted out of hundreds of pellets taken at random from 
our collections give ratios of minimum numbers of prey individ-
uals to times represented for the following medium-sized species 
(table 1): cottontail rabbit (Sylvilagtls floridanus) , snowshoe or 
varying hare (Lepus americamls) , Norway or barn rat (Rattus 
norveg1'CtlS) , muskrat ( Ondatra zibethica) , pocket gopher 
(Geomys bursarius) , screech owl (Otus asio) , domestic pigeon 
(Columba livia), coot (Fulica americana), ring-necked pheasant 
(Phasianus colchic1lS torquatus) , bob-white quail (Coli11lus vir-
) 
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uinianus) , and Hungarian or European partridge (Perd~'x 
pe1'dix) . 
Attempts to ascertain the volume of the horned owl's food 
made up of different prey groups as originally eaten were of 
course handicapped because of the natural short-comings of the 
pellet specimen material. The skeletal debris of 1,135 of the Iowa 
TABLE I-DATA ON PROPORTION OF MEDIUM-SIZED PREY INDIVIDUALS 
PER PELLET REPRESENTATION IN RANDOM SERIES. 
Numher of pellets I Minimum number I Average fraction 
Prey species conrtaining prey of prey individuals of a complete prey 
remains. distinguished b y skeleton per repre-bone counts. sentation 
Cottontail" I adult 1391 175 0.13 
young 152 107 I 0.70 
Snowshoe hare 59 11 I 0.19 
Norway rat 103 47 I 0.46 
Muskrat. I chiefly young 29 17 0.59 
Pocket gopher 36 14 I 0.39 
Soreeeh owl 51 16 I 0.31 
Domestic pigeon 18 7 I 0.39 
Coot 34 9 I 0.26 
Pheasant 168 33 I 0.20 
BoL-white 88 29 I 0.33 
Hungarian partridge 40 12 I 0.30 
f.tConsiderable numbers of the pellets containing cottontail remains were so broken or 
scattered when found as to make complete reassembling virtually impossible; for adult 
cottontails. at least. the figures are thought to be out of line. especially in view of 
the ratio shown by the somewhat larger snowshoe hare. 
8 It was considered a matter of some interest that. while parts of as many as 3 
skeletons of adult bob-whites have been found in a single horned owl pellet. individuals 
are seldom eaten entire at one feeding. Twenty quail-containing pellets were selected 
for completeness and looked through for bones of diagnostic importance; the tally was 
6 skulls. 7 sterna. 5 right humeri. 7 left humeri. 6 synsacra. 5 right femora. 6 left 
femora, 7 right tarsometatarsi, and 5 left tarsometatarsi. Each Quail representation, 
then. was the equivalent of remains of about one-third of a bird or in agreement 
with the ratio for the larger but unselected series of table 1. 
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and Minnesota pellets was, however, studied in sufficient detail 
to permit (after consideration of the anatomy of the prey animals 
and the probable feeding procedure of the owls) a fairly clear 
reconstruction of volumetric proportions of items in terms of 
stomach contents before reduction to pellets; and the resulting 
percentages of food types by bulk are incorporated in table 5. 
In table 3 the volumetric proportions of foods in subregional 
diets of the owls were based upon less detailed data and are prob-
ably liable to more error due to personal judgment. These fig-
ures were derived from a study of tabulated food representations, 
ratios of prey individuals or representations, and data showing 
numbers or fractions of prey individuals the remains of which 
comprise typical full pellets of essentially unmixed composition. 
It was computed that a full , unmixed meal would be the equival-
tnt of about 6 large mice, about ;~ of a Norway mt, about 3 ] / 5 
passerine birds of the kinds ordinarily taken by the owls, about 
2/ 3 of a screech owl, domestic pigeon, or bob-white, about % of 
a coot, 1/ 8 of a pheasant and so on. Incompleteness of many of 
the pellets containing cottontail remains interfered with trans-
lation of representations of medium-sized mammals into vol-
umetric equivalents, but this was the only major group for which 
satisfactory values could not be obtained from the available totals 
of representations and individuals of prey. We may therefore 
fill in this hiatus by substracting from 100 percent the .sum of 
the percentages from the other more easily manipulated groups. 
Representation percentages do not greatly exceed _volumetric 
for medium-sized mammals, and remains of small prey in pellets 
made up principally of cottontail, etc., are often Toughly equal 
to the traces and minor fragments of the latter -victims that may 
be found in debris predominantly of lesser forms. When pellets 
may consist wholly of remains of many small animals of the same 
species or genus, volume and representation may thus be synony-
mous; but, on the whole, representations of the smaller sizes of 
prey tend to have numerical values o,ut of proportion to volume 
of remains,either as freshly eaten food or as pellet material. 
GENERAL COMPARISON OF DATA 
FOR COLD AND WARM WEATHER SEASONS 
Tables 2 and 3 summarize fall to spring and spring to fall 
feeding trends by subregions. Table 2 deals with prey groups 
that will be discussed later in the section on analysis of horned 
owl predation. Representation percentages only are given, as 
it was felt that the data from all of the pellets and stomachs did 
not justify volumetric calculations in the detail required by cer-
tain of the groups. Lesser inaccuracies, nevertheless, should be 
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offset by the breadth of the categories 9 used in table 3, in which 
both representation and volumetric percentages are compared. 
Subregions I and II showed little difference in cold and warm 
weather feeding on medium-sized mammals, although in II it 
took increased utilization of rats and miscellaneous rodents in the 
warmer months partially to make up for lessened importance of 
rabbits. Rabbits were likewise of decreased importance in the 
summer diet for IV, but the utilization of miscellaneous rodents 
was insufficient to change the trend for medium-sized mammals, 
collectively. Thi" holds true for III to an even greater degree. 
Consumption of mice by the owls was less in warm weather than 
in cold in all subregion" except IV, and the seasonal difference 
was decidedly more pronounced in 1. 
Resident as well as migratory birds were more prominent in the 
warm weather diets of the owls. Wild gallinaceous birds of I 
were preyed upon less heavily in late spring and summer, but, in 
this subregion, there was a notable increa of local pressure upon 
domestic chickens as young poultry became available. "\Varm 
weather increases in utilization of lower vertebrates were most 
evident in I and II ; of invertebrates, I and IV. 
WINTER TO SUMMER TRANSITIONS IN DIET AS ILLUSTRATED 
BY DATA FROM FAMILY GROUPS OF OWLS 
Availability of prey naturally varies to some extent with the 
seasons, and the food habits of certain family groups of owls can 
be followed practically from day to day for weeks or months 
during the winter-spring-early summer tran"ition period. Diets 
may best be described, however, by the use of longer than daily 
or weekly intervals. 
Horned owl studies have shown few, if any, food preferences 
(32, 46) ; still, the question frequently arises whether apparent 
changes in feeding trends may not more correctly reflect individ-
ual differences in hunting routines rather than changes in general 
or local availability of prey. To reduce unknowns as much as 
possible, we have attempted to restrict the winter to summer 
transition data to those from individual or closely associated owls 
~f fairly well-ascertained identity-mated pairs and their cur-
rent offspring. This has meant excluding pellets deposited in 
fall and early winter, unless we had reason to believe that none 
but the owls nesting had been present so early in the territories 
or that the pellets from transients were so few that their inclu-
9 In the major prey types of tables 3 and 5 and fig. 4. Norway rats. muskrats. pocket 
gophers and fox squirrels ( Sciuru! nigt'r rujif)(1tter), are grouped with rabbits and 
hares; flying squirrels (Giaucorny! spp.). weasels (Mu!tda spp. ) and moles (Scaiopus 
aquaticuJ' ) with mice and shrews. The classification of birds a8 resident or migra ... 
tory sometimes had to be done on an arbitrary basis---<lspecially when it had to be 
assumed that most incompletely identified small birds were migratory-but this prob-
ahly did not result in appreciable error. 
772 
TABLE 2. REPRESENTATIONS OF PREY GROUPS IN PELLETS (INCLUDING STOMACHS) 
FROM COLD AND WARM WEATHER SEASONS 
Subregion I Subregion II Subregion III Subregion IV 
-------------------------------
Fall to Spring to Fan to Spring to Fall to Spring to Fall to Spring to 
spring, fall, 1930- spring, fall , 1933- spring, fall, IP33- spring, fall, 1931-
1929-32; 32; 345 1932-35; 35; 238 1932-35; 35; 298 1931}-34 ; 34; 105 
1,921 pel- pellet" 1,189 pel- pellet.., 438 pel- peilet.. 304 pel- pellet.., 
let.., incl. inol. 317 lets, inel. incl. 213 lets, inel. inel. at let.. iDel. 
150 from from par- 139 from from par- at least 17 least 146 at least 32 
parent- ent-de- parent- ent-de- from par- from par- from par-
Prey dependent pendent dependent pendent ent-de- ent-de- ent-de-
groups young young young young pendent pendent pendent 
young young young 
------------------------
Rabbit.. and 
hares* 66.8% 63.2% 75.0% 66.0% 66.0% 43.6% 87 .8% 75.2% 
Norway rat 6.3% 12 .2% 4 .9% 13.4% 4 .8% 3.7% .. ........ 3.8% 
Mice 
Represen-
tations 49.8% 34.5% 34.4% 
Individ-
34.5% 32 .9% 34.2% 29.9% 28.6% 
uals 3.3 avo per 1:4 avo per 2.4 a>:. por 1.5 avo per 2.3 avo per 1.5 avo per 1.7av. per 1.7 avo per 
containing containing contamlng containing containing containing containing containing 
pellet pellet 
Soiurids and 
pellet pellet pellet pellet pellet pellet 
misc. 
.,. 1.6% rodent.. ... 1.8% 3 .8% 6.3% 3.4% 6.4 % 7.9% 14.3% 
Carnivores 
and insec-
tivores ... 4.1 % 5.2% 4.7% 2.9% 2.1% 1.0% 4 .3% 7 .6% 
Passerine 
and related 
small and 
medium-
sized birds 8.9% 22.6% 14.2% 26.1 % 11.4% 25 .8% 10 .5% 23.8% 
Shorebirds, 
rail"! and 
allies and 
misc. wa-
ter birds. 0.8% 7 .6% 0 .8% 4.2% 3 .2% 20.5% 1.3% 3 .8% 
Domestic 
chicken . . 0 .4% 8.4% 1.1% 3 .4% 0.7% 2.3% 0 .3% 4 .8% 
Wild gal-
linaceous 
birdst ... 5 .3% 2.0% 7 .8% 9.2% 20 .5% 29.2% 7.6% 10 .5% 
Wild ducks. 0.5% 1.4% 0 .8% 1.3% 3.9% 6.4 % 0.3 % ... ....... 
Lower ver-
tebratest • 1.9% 7 .8% 1 .3% 0.4% 0.9% 8.1% 1.3% 2 .8% 
Inverte-
brates§ 
Represen-
tatiotlS .•. . 1.6% 41.7% 3.4% 20.6% 4.3% 20 .0% 2.0% 23.8% 
Individ-
uals •..... 1.0 per 3.4 avo per 1.1 avo per 2.0 avo per 1.7a". per 1.7 avo per 1.0 per 5.0av, per 
containing containing containing containing contammg containing containing OO!ltaining 
pellet pellet pellet pellet pellet pellet pellet pellet 
.. 
* Largely cottontail except for lack rabblt (Lepus townsend", campanJus) and snowshoe bare repre-
sentations in some pellet lots from subregion IV. 
t Predominantly bob-white, rall to spring, for subregions I and II; pheasant and bob-white, spring to fall , 
subregion II; pheasant with considerable Hungarian partridge, subregion III. 
t Salamander (Ambystoma sp.), especially, rall to spring, subregion I; snakes, spring to fall, subregion T; 
salamander and fishes, fall to spring, subregion II; snakes and frogs (Rana sp.) spring to fall, subregion III. 
§ Insects for the most part except for crayfish (CambaTus sp.) faU to spring, subregion II, and wolf spider 
(Lyeo,a sp.) spring to tall, subregion IV. 
sion with pellets from residents could not appreciably distort the 
evidence. Throughout the nesting season and until the tethered 
young were abandoned by their parents or lost, pellets were 
gathered with assurance that they came from circumscribed 
groups, if not known individuals. 
Fourteen local areas were the scene of family studies for 2 
773 
TABLE 3. REPRESENTATIONS AND APPROXIMATE VOLUMETRIC PROPORTIONS OF 
MAJOR PREY TYPES IN PELLETS (INCLUDING STOMACHS) FROM COLD 
AND WARM WEATHER SEASONS, 
Subregion I Subregion II Subregion III Subregion IV 
------------
- --
---- - - ---
Fail to Spring to Fall to Spring to Fall to Spring to Fall to Spring to 
aprin~, fall, 1930- spring, fall, 1933- sprin~. fall, 1933- sprin~, fali, 1931-
1929-32; 32; 345 1932-35; 35; 238 1932-35; 35; 298 1930-34; 34; 105 
1,921 pel- pellets, 1,189 pel- pellets, 438 pel- pellets, 304 pel- pellets, 
lets, incl. incl. 317 lets, incl. incl. 213 lets, incl. inel. at lets inel. 
150 from from par- 139 from from par- at least 17 least 146 at least 32 
parent- ent-de- parent- ent-de- from par- from par- from par-
Major dependent pendent dependent pendent ent-de- ent-de- ent-de-
prey types young young young young pendent pendent pendent 
young young young 
--
- -- - -- -
- - --
- - -- - - - - ------ -
Repr. Vol. Repr. Vol. Repr. Vol. Repr. Vol. Repr. Vol. Repr. Vol. Repr. Vol. Repr. Vol. 
- - - - -- - - -
--
- - - ------
- -
---- -
Cottontail 
and other 
medium-
aizedmam-
mals ...... 
Mice and 
72% 65% 75% 61 % 78% 73 % 79% 67% 72% 61 % 51 % 37% 90% 80% 79% 62 % 
other small 
mammals . 52% 28% 40% 
Small and 
10% 36% 15% 35% 10% 34% 14% 35% 9% 31 % 10% 31% 10% 
medium-
sized resi-
dent birds. 7% 
Small and 
3% 11% 10% 12% 6% 16% 13% 23 % 17% 34 % 23 % 9% 6% 17% 15% 
medium-
sized mi-
gratory 
birds . . .. 8% 3% 25% 12% 12% 5% 23 % 9% 15% 8% 40% 26% 11% 4% 16% 8% 
Lowerver-
tebrates ... 2% 
Insects and 
tr. 8% 3% 1% tr. tr. tr. 1% tr. 8% 3% 1% tr. 3% tr. 
other in-
verteb"tes 2% tr. 42% 5% 3% tr. 21% 2% 4% tr. 20% 1% 2% tr. 24 % 4% 
or 3 (usually consecutive) years. At least one member of a 
horned owl pair, as indicated by distinctive behavior '., occupied 
each year the territories of family studies number 1 and 2, 16 and 
17, 18 and 19, 20 and 21, 24 and 25, 30 to 32, and 35 and 36. 
Data from 4 and 5 and 26 and 28 do not reveal whether any of the 
occupants of the territories were the same in different seasons. 
Adults of 8 to 10 and of 11 and 12 were probably different owls 
each season, and those of 6 and 7, 22 and 23, and 39 and 40 were 
almost unquestionably so. Influx of new birds into previously 
vacant nesting territories was observed to take place from fall 
to February. 
The approximate duration of each of 41 family studies is given 
in table 4. Average and median periods of productive study were 
about 5% months, with extremes varying from 26 days (number 
32) to perhaps 8 to 8% months (numbers 15, 35 and 40). In 24 
of the 26 instances in which family groups yielded data later 
than the first of May, one or more young owls were kept tethered 
10 Exceptional viciousness toward intruders. hooting indiosyncrasies, injury-feigning 
near nest, and fligh t mannerisms were helpful in enabling observers to recognize 
individuals. Reoccupancy of the same territory 01' nest was thought to reveal as much 
of ecological convenience or necessity as of individual behavior patterns. Young owls 
were banded, but t he authors did not find it feasible to try marking the adults. 
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TABLE 4. APPROXIMATE LENGTHS OF TIME FAMILY STUDIES WERE PRODUCTIVE OF 
FOOD HABITS DATA. 
Period of productivity 
L ... than 1 month .............. . 
lletween 1 and 2 months .. . 
lletween 2 and 3 months .. . 
Between 3 and 4 months . . ............ . 
Between 4 and 5 months . ... ..• . . ...... 
Between 5 and 6 months ......•...... 
Between 6 and 7 months ....... •.. 
Between 7 and 8 months ......••.... .. . 
Between 8 and 9 months .... . . • . . . .. . .. 
Over 9 months .. .. ... . . . .... . . ..... . •• 
Number of fam-
ily studies 
1 
o 
4 
1 
7 
11* 
10 
4 
3 
ot 
* Average and median periods of about 5~ months. 
Serial numbers of family studies 
32 
18. 19, 30, 36 
9 
3, 7, 8, 11, 16, 26, 28 
1,5,10, 13, 17, 20, 22, 23,29,31,33 
2,4, 12, 14, 21, 24, 25, 27, 37, 38 
6,34,39, 41 
15, 35, 40 
t Exceptionally favorable conditions for study in an island habitat permitted gathering of data represent-
ing nearly 13 months, but these data doubtless included some from owls not belonging to the original family 
group. 
on the ground; the other instances related to one family on an 1 
island and to one probably re-nesting after loss of an earlier \ 
clutch of eggs. 
Table 5 was prepared from the more specific data from family 
studies given in the appendix (A). Since pellets from only 13 
family studies (numbers 24 to 26, 29 to 31 and 35 to 41) were 
studied with detailed volumetric calculations in mind, the ma-
jority of the feeding trends must be followed through the 
columns listing percentages of representations. 
Family studies 1 to 21 were carried on in subregion I, southern 
Wisconsin. Data of numbers 1 and 2 are from partly wooded, 
level, agricultural land; 3 to 10, partly wooded, hilly land de-
voted to dairying and general farming; 11 to 14, heavily wooded, 
hilly land, with occasional tracts under cultivation; 15 to 21, 
partly wooded, chiefly agricultural land in the vicinity of lakes 
and marshes. 
In subregion II, family studies 22 to 34 reflect winter to sum-
mer diet in central Iowa areas of rolling agricultural land with 
wooded stream borders. 
The data from subregion III, northwest Iowa, were obtained 
from two very different types of environment: Numbers 35 to 
38, more or less heavily wooded bottomlands in agricultural 
country; numbers 39 and 40, a wooded island in a marsh sur-
rounded by pastured and cultivated ground. 
Pellet material summarized as family study 41, subregion IV, 
was gathered largely by W. J. Breckenridge from a drained sand 
plain in central Minnesota. Scattered fields were in cultivation, 
but the principal growths were of wild brushy and herbaceous 
vegetation. 
It it hard to make generalizations as to increasing or decreas-
ing prominence of the most important prey types with the advent 
of warm weather. This is exemplified by the frequent lack of 
r 
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TABLE '5. WINTER TO SUMMER CHANGES IN PERCENTAGES OF MAJOR PREY TYPES 
SHOWN BROADLY BY REPRESENTATIONS IN PELLETS AND, WHERE DATA 
PERMIT, BY VOLUMETRIC CALCULATIONS. 
Mammals 
Ap- Cottontail Mice and 
pen- and others others of 
Local- dix Period No. of medium small 
ity (A) yielding pel- sizes 81Zes 
ref- data Jets --------
erence Repr. Vol. Repr. Vol. 
Winter. 
Verona, Fam- 1929-30, 39 49% 92% 
Wis. ily through 
studyl March 
April 5 to 
27, 1930 
April 28 
to May15, 
1930 
Late win-
Fam- ter, 1930-
ily 31,through 
study2 March 
April 1 to 
25, 1931 
April 26 
to May21, 
1931 
May 22 to 
June 25, 
1931 
JUlie 26 to 
Aug. 5, 
1931 
\Vinter, 
N. E. Fam- 1930-31, 
Pine ily through 
Bluff, study Feb. 
Wis. 3 
Early 
March to 
March 22, 
1931 
March 23 
27 81% .. 48% 
22 59% 77% 
21 86% ..... 57% 
50% .... 88% 
29 83% 52% 
15 67% ..... 33% 
24 46% ..... 25% 
33 76% ... .. 48% 
to April 8, 6 100%..... 83% 
1931 
Late win-
W. Pine Fam- ter, 1930- 28 
Bluff, ily 31, to 
Wis. study March 22 
4 
March 23 
57% ..... 61% ..... 
Birds 
Resident Migratory Lower Insects (incl. (incl. vette- and other 
probable) probable) bratea inverte-
bratea 
----------------
Repr. Vol. Repr. Vol. Repr. Vol. Repr. Vol. 
3% 5% 
8% 15% 4% 
14% 41% 18% 14% 
5% 
7% 14% ..... 
27% 13% ..... 40% ..•.• 
63% 4% 42% ..• .. 
6% 3% . .. .• 
..... 17% ..... 33% ......... . 
7% .... .• . . ....... 
to April 12 67%. . • .. 42% . ... . . .... 
25, 1931 
April 26 
to May 21 81%. .... 52.%..... 19% ..... 38%.. ... ....• ..... 29% ...•• 
30,1931 
May 31 to 
June 25, 19 100%..... 31% 5% .... 31% ..•.. 
1931 
June 26 to 
July 16, 10 90% ........ •. 50% . 10% .. . ......... 10% 
1931 
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TABLE 5-Continued 
Mammals Birds 
Ap- Cottontail Mice and Resident Migratory Lower Insects 
pen- and others others of (incl. (incl. verte- and other 
Local- dix Period No. of medium small probable) probable) brates inverte-
ity (A) yielding pel- sizes sizes brates 
ref- data lets ------------------------
erence Repr. Vol. Repr. Vol. Repr. Vol. Repr. Vol. Repr. Vol. Repr. Vol. 
---
-----
-
----
--
--
--
--------------
July 17 to 
Aug.8, 15 100% ..... 20% .. . .. . ... . ... .. . . . ... 67% ..... 
1931 
Fall,1931, -
Fam- to Feb. 23 57% .... 79% ... .. 4% . . . . . . .... ..... .. . . ... .. ..... 
ily 23, 1932 
study 
5 Feb. 24 to 
April 1, 
1932 
39 41% ..... 85% .... 15% . ... 3% .... .. .. . .. . .. . .... . . .. . 
Fall, 1930, 
N.E. Fam- through 30 80% .... 47% . 7% .... 10% . ... 7% . .... 7% ..... 
Prairie ily March, 
du Sac, study 1931 
Wis. 6 
April, 25 84% . 64% . .... .... 24% . .. 4% ..... 4% . .... 
1931 
May 1 to 26 69% . 65% .. 4% .... 50% . 4% ..... 27% . .... 
24, 1931 
May 25 to 
June 10, 13 85% . 31% .. .. .... 23% .... ..... ..... 85% . ... . 
1931 
Fam- About 
ily Feb. 1 to 9 67<% .... 67% . 22% . ..... .... ... . . ..... . .... .. . .. 
study 21, 1932 
7 
Feb. 22 
through 50 66% . ... 44%. 16% . 12% .... 2% ... .. ..... .. . . . 
March, 
1932 
Early 
April to 42 81% .... 57% . 14% .. 43% .... 5% .. . .. .... . ..... 
May 6, 
1932 
May 7 to 20 45% . 70% . .... . .. . . 40% ... . . . . . ... 7Q'% . .... 
30, 1932 
Winter, 
E. Fam- 1930-31, 35 77% . 43% . 9% .... 9% .. . .. . . . .... . ... . .. .. 
Prairie ily through 
du Sac, study March 
Wis. 8 
About 
April 1 to 13 85% . 15% . 15% ..... 23% ... . . . .. . .. .... . 
9, 1931 
Fall to 
Fam- Dec. 21, 5 80% . 20% .... 20% . ... . . .... .... .... ... .. ..... 
ily 1931 
study 
9 Dec. 22 to 
Feb. 21, 30 47% . 47% . 40% .... 3% . .. .. . . ... . .. ... 
1932 
Dec.,1932, 
9% . Farn- to Jan. 9, 11 91% . 36% .. .. . .. . .. . . . ... .. . . 
ily 1933 
study 
10 Jan. 10 to 
March 8, 17 53% . 59% .. .. 24% .... 6% ..... . ... . . . .. . ... . . 
1933 
Ap-
pen-
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TABLE 5-Continued 
Mammals Birds 
Cottontail Mice and Resident Migratory Lower Insects 
and others others of (incl. (incl. verte- and other 
Local- dix Period No. of medium small probable) probable) brates inverte-
ity (A) yielding pel- SIZes sizes brates 
B. E. 
Prairie 
du Bac, 
Wis. 
Rox-
bury, 
Wis, 
ref- data 
erence 
Fam-
ily 
study 
II 
Fam-
ily 
study 
12 
Fam-
ily 
study 
13 
March 9 
to April 
27, 1933 
Winter, 
1929-30, 
to about 
March 25 
Abeut 
March 26 
to April 
13, 1930 
Fall,1931, 
through 
March, 
1932 
Abeut 
April I to 
20, 1932 
April 21 
to May 
16,1932 
Winter, 
1929-30, 
to abeut 
April 7 
April 8 to 
May 7, 
1930 
Winter, 
lets ------------------------
Repr. Vol. Repr. Vol. Repr. Vol. Repr. Vol. Repr. VOl. Repr. Vol. 
8 50% ... 50% . 13% 13% .. ... 13% ..... 
36 50% . 69% ..... 11% 6% 
36 97% 11% 8% 
32 56% 56% ..... 3% 
20 95% 25% .......... 20% ............ ..... , .. . .. .. 
14 71% 21% ..... 7% ..... 57% .... . .... . 
10 60% ..... 70% ................... . ..... 30% ..... .. ....... . 
6 100% ... ,. ............... 17% ......... , ............ , .. 
Denzer, Fam- 1931-32, 39 62%. . ... 74%... . . 8%. . .. . 8% 
Wis. ily through 
study March 
14 
B. W. Fam-
Madi- ily 
son, study 
Wis. 15 
Abeut 
April I to 34 100% 
May 3, 
1932 
May 4 to 20 90% 
30, 1932 
Fall to 
mid-win- 48 88% 
ter, 1930-
31 
Late win-
ter to ear-
ly April, 
II 100% 
1931 
Early 
29% 6% 9% . 
15% 15% 10% 5% 30% '"'' 
58% ..... 10% .... 4% 2% 
45% 9% .... 18% ..... 
April to 21 81% .... : 29%.. .. .......... 33%..... 5% .... . .... ..... . 
April 24, 
1931 
April 25 
to Mal' 34 62%. . . .. 32% 
21, 1931 
6% ..... 50%..... 15%..... 18% .... , 
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TABLE 5-Continued 
Mammals Birds 
Ap- Cottontail Mice aBd Resident Migratory Lower Ineecta 
pen- and othere other. of (inc!. (inc!. verte- and other 
Local- dix Period No. of medium small probable) probable) brates inverte-
ity (A) yielding pel- sizes sizes brates 
ref- data leta ------------------------
erence Repr. Vo!' Repr. Vo!' Repr. Vo!. Repr. Vo!' Repr. Vo!' Repr. Vo!. 
--------- ------------------------
May 22 to 
July 10, 20 65% 50% .. 10% . 20% . 5% 95% ..... 
1931 II Winter, 
8. Mad- Fam- 1930-31, 22 86% .... . 45% .. 5% .... 
ison, ily through 
Wis. study Feb. 
16 
March 5 
rl to April 14 86% 21% 7% ..... ..... ..... . .... ..... 
10, 1931 
Winter, 
Fam- 1932-33, 33 79% 30% ... 9% .... . ..... ..... ..... 
ily 
study 
to Mar. 5 
17 March 6 ) to April 24 71% 42% 29% ..... 54% .. ... ... .. . .... ..... 29, 1933 
Late win-
Middle- Fam- ter, 19S!}' 28 75% . 57% .... 7% . .... . .... ..... ..... .. ... ..... 
ton, ily 31, to 
Wis. study March 10 
18 
March 11 
to April 6, 15 100% . 27% . ... . .. .. . .... . ..... 
1931 
Middle of 
Fam- March to 18 94% ..... 39% .... 6% . .... 17% 5% 
ily April I, 
study 1932 
19 
April 2 to 17 109% . ... 35% ..... 6% ..... 6% .... 12% ..... ..... ..... 
14, 1932 
April 15 
to June 3, 35 83% .. 51% 3% 40% 9% 34% ..... 
1932 
Fall,1930, 
17 35% . 6% .. 12% Stough- Fam- through 82% 
ton, ily March, 
Wis. study 1931 
20 
About 
April 1 to 63% 63% 50% 13% .... 13% ..... 
11, 1931 
Winter, 
Fam- 1931-32, 66 83% 39% . 12% .. 3% .... 
study to April 26 
21 
April 27 
to May 75% ..... 50% 38% . 38% .... 50% ..... 
24, 1932 
May 25 to 
June 25, 22 100% 23% . 5% 5% .... 18% 95% ..... 
1932 
Winter, 
8. Des Fam- 1932-33. 25 92% 24% .... 4% . ... . .... 
Moines , ily to March 
Iowa study 11 
22 
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TABLE 5-Continued 
Mammals Birds 
Ap- Cottontail Mice and Resident Migratory Lower IMeets 
p"n- and othera othera of (incl. (incl. verte- and other 
Local- dix Period No. of~edium s,!,all probable) probable) brates Inverte-
ity (A) yielding pel- tuzes SIZes bratea 
ref- data lets ------------------------
erence Repr. Vol. Repr. Vol. Repr. Vol. Repr. Vol. Repr. Vol. Repr . Vol. 
---------
------------------------
March 12 
to April 68 78% ... . . 35% 7% ..... 16% . .... 6% . .... 10% . .... 
28, 1933 
Fall and 
Fam- early 24 79% .. ... 13% ..... 21% . ... ..... ..... 4% ..... .. ... . .... 
ily winter, 
study 1934-35 
23 
Late win-
ter to 25 92% 16% .... . 8% ..... 4% . ... . . .... . .... 
April 14, 
1935 
Winter, 
23% N. W. Fam- 1932-33, 13 69% 
'57% °i2% 15% ° 15% 9% Ames, ily through 11 20% ° 
Iowa study March 
24 
About 
April 1 to 70 81% 75% 33% 0:i% 6% °8% 23% .... . ..... ..... 3% 30, 1933 6 ..... 14% ..... 
May 1 to 21 57% 
:i5% 52% i8% 19% ii% 43% :iO% 57% ·· 6% 28, 1933 21 
Fall,1934, 
Fam- to March 28 64% 21% 20% 36% 4% 4% ..... ily 22, 1935 18 50% ..... 30% 
study 
79% 9% 21% 25 March 23 33 
°66% °i% 39% iO% to May 13 ..... 23% ..... 
16, 1935 
Late win-
N.E. Fam- tcr, 1932- 23 100% 39% 22% 13% 7% 4% °2% ..... ..... ..... Ames, ily 33, to 20 69% .. .. . .... ..... . .... 
Iowa study April 22 
26 
April 23 
to May 21 76% 
°70% 52% 5% °2% 19% . °7% ..... .. ... . ... . ..... 21,1933 21 21% ..... ..... . .... 
May 22 to 
June 23, 31 87% 70% 55% 6% 10% °'5% ..... 10% . .... 1933 31 20% 5% ..... tr • 
Fall, 1933, 
Fam~ to April 8, 54 69% ..... 44% 
ily 1934 
..... 13% ..... 9% 6% . .. .. 6% . .... 
study 
27 April 9 to 15 100% ..... 20% 
28, 1934 
..... 47% ..... ..... ..... 7% . .... 
Winter, 
Fam- 1934-35, 20 85% ..... 45% ..... 
ily to March 
15% ..... .... . . .... . .... . .... . .... . ... . 
study 15 
28 
March 16 
to April 7 86% 
26, 1935 
..... ... .. .... 14% . .... 29% . ... . ..... ..... ..... . .... 
Late win-
E. Fam- ter, 1932- 17 100% 
°82% ..... 12% 18% Ames, ily 33, to 14 7% 11% ..... 
Iowa study April 23 
29 
Loc.l-
ity 
S. E. 
Ames, 
Iowa 
S. 
Ames, 
Iowa 
N. 
Ames, 
Iowa 
S. Wal-
lingford, 
Iowa 
Ap-
pen-
dix Period 
(A) yielding 
ref- data 
erence 
April 24 to 
May 280 
1933 
May 29 to 
June 23, 
1933 
June 24 to 
July 210 
1933 
Late April 
Faro- to May 
ily 210 1933 
study 
30 May 22 to 
June 11, 
1933 
June 12 to 
July 60 
1933 
Winter, 
Fam- 1933-34, 
ily to April 8 
study 
31 April 9 to 
28, 1934 
April 29 to 
May 13, 
1934 
Fam- About 
ily April20to 
study May 15, 
32 1935 
Winter, 
Fam- 1934-35, 
ily through 
study March 
33 
About 
April 1 to 
29, 1935 
Fall,1934, 
Fam- to late 
ity March, 
study 1935 
34 
About 
March 28 
to April 
25, 193.5 
April 26 to 
June 7, 
1935 
Fall,1933, 
Faro- to April 
ily 29, 1934 
study 
35 
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TABLE 5-Continued 
Mammals Birds 
Cottontail "Mice and Resident Migratory Lower 1Mects 
and others others of (incl. (incl. verte- and other 
No. of medium small probable) probable) brates inverte-
pel- SIZes sizes brates 
lets - - ---- - - -- - - - - - - -- - - ----
Repr. Vol. Repr. Vol. Repr. Vol. Repr. Vol. Repr . Vol. Repr. Vol. 
27 74 % . .... 19% . 33% 
20% 
33% 
i4 % 
19% . .. 
22 60% .... 4% ... . .. . 2% 
26 92% 
74 % 
19% . 27% . 15% 42% 
18 ... 8% ... 15% . 3% 
13 69% . . 23% . 
'8 % 
62% . .... 15% 
13 52% . ... 11 % . .. . 30% tr . 
23 52% 
5i% . 
30% . 26% 
ii % 
39% . 
23 8% .... 30% . 
11 64% 
62% 
18% . 27% 
2i % 
18% 27% 
11 9% . . . . 6% 2% 
20 95% . 15% . 15% .... . 10% 
'4% 
45 % . 
20 80% ..... 5% ... .. 8% 3% 
40 85% 33% . 10% .. . . . 8% . . 
31 69% 23 % 5% 3% .... . 
34 94 % ... 56% 
' 20% 
15% . 18% . .... . . .. 3% 
24 65% . .... . .. .. 3% 12% .. . . . tr • 
16 50% 
' 45% 
75% 
'ai % 
13% . .. . . 25% ... . . 6% . .. 6% 
16 . . .. . . . . 8% .. .. . 15% . . . . 1% tr. 
11 100% . 27% 18% . .. . . . . .. 
20 90% . . 35% 5% ... .. ... .. . .... . . .. . . . ... 
22 86% . 9% ... 23% ..... 5% ..... .. . .. . .. .. ..... 
44 86% ..... 20% . .. 9% ..... 25% .. . .. . .... .. ... .. . .. .... . 
33 97% 15% 6% ... 27% .. ... . ... . .. . .. 9% 
28 96% . 29% . 4% . 32% .. ... .. . . . 11% ... .. 
7~o .. 1% 91 57% . 38% . 33% . 
90 43% . 24 % 31% 2% tr. 
Ap-
pen-
Local- dix 
ity (A) 
ref-
erence 
Period 
yielding 
data 
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TABLE 5-Continued 
Mammals Birds 
Cottontail Mice and Resident Migratory Lower Insects 
and others otbers of (incl (incl. verte- and other 
No. of medium s'!lall probable) probable) brates inverte-
pel- sizes SIZes brates 
lets ---- - - ------------ - - ----
Repr. Vol. Repr. Vol. Repr. Vol. Repr. Vol. Repr. Vol. Repr. Vol. 
April30to 
May 28, 10 40% 60% 30% . 30% 10% 
1934 10 25% .. .. 28% .... 25%. 20% .... " 2% 
May 29 to 
July 12, 42 55% .. .. . 31% ..... 62% 5% .. ... 29% .. .. . 43 % 
1934 42 34% 11% 40% 1% 11% 3% 
Early 
Fam- spring to 
ily April 29, 
study 1935 
67% 44 % ..... 33% ..... 22% 11% .. .. . 
40% .. ... 16% 24 % .. .. 18%. 2% 
36 
April 30 to 
May 21, 16 44%, 69% . 50% 19% 
1935 10 28% .. ... 38% . 27% . 7% ' ... 
Fall,1934, 
·S. W. Fam- tbrough 33 79% 45% 18% . 6% 
Wal- ily Marcb, 33 64 % .. .. . ' 23 % 11% " 2% 
lingford, study 1935 
Iowa 37 
About 
April 1 to 18 83% 39% 61 % 6% 
20,1935 1857%'9% 33% i % 
April 21 to 
May 21, 26 61 % 35% ' 61 % ' 15% 
1935 26 37% 13% ' 43 % . 6% 
Winter, 
W. Em- Fam- 1933-34, 23 91 % 30% 22% 4% 
mets- ily to April 23 . 77% 14% .. 7% 1 % 
burg, study 24 
Iowa 38 
April 25 to 
15% 
1% 
4% .... 
1% 
May 28; 47 72%.. 51 % 49% ..... 9% 6% .. ... 6% .... . 
1934 42 48% 16% 29% 3% 4% .. . . , tr. 
Mud Fam-
Lake, ily 
N. study 
Ruth- 39 
yen, la. 
May 29 to 
June 10, 19 42%. 42% 7~% 
1934 19 26% 10% 58% .. ... 
Late 
spring to 
June 18, 
1933 
June 19 to 
July 24, 
1933 
27 
27 
18 
18 
19% 26% 7% 93% 
11% 9% 4% 7i% 
22% . 11% . 6% . 72% . 
' i6% 2% , .. . 3% 63% 
Fall,1934, 
Fam- to Marcb 105 
ily 30, 1935 105 
84% 33% 
7i% 
10% . 
13% . 
15% .. 
6% 10% . 
study 
40 Marcb 31 
to May 
16, 1935 
43 
43 
60% . 
38% 
35% 14% 65% 
iO% 5% 47% 
May 17to 16 38% 31% 
June I, 16 i9%' 7% •. 
. 10)% 
' 74% 
1935 
5% .... 37% ..... 
5% 1% 
7% 19% 
· i% .. . . '4% 
28% 28% .... . 
15% 1% 
2% 
tr. 
7% .. 
tr. 
13% 
tr. 
June 2 to 12 75%. 8% 8% ' 50% .. . 8% ... ,. 75% .. 
July 15. 12 63% . 3% 4% 25% 2% 3% 
1935 
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TABLE 5-Continued 
Mammals Birds 
----
Ap- Cottontail Mice and Resident Migratory Lower Insect, 
pen- and other> others of (incl. (incl. verte- and other 
Local- dix Period No. of medium small probable) prob,ble) brates inverte~ 
ity (AI yielding pel- sizes sizes brates 
ref- data lets --------------- - --------
erence Repr. Vol. Repr. Vol. Repr. Vol. Repr. VOl. Repr. Vol. Repr. Vol. 
------- - ------------------------
Early 
Anoka, Fam- winter, 17 88% 76% 35% . 12% ... ... .... .. . . Minn. ily 1932-33, 17 ... 18% ... 6% .. ... .. .. . . . .. .. ..... 
atudy to Feb. 25 
41 
Late win-
ter and 
spring, 166 87% . 42% . 8% .... 8% . .. .... .... 1% . .... 
1932-33, 166 .... 71 % . 21% .... 5% .... 3% .. ... .. .. ..... tr. 
to about 
April 20 
About 
April21 to 54 80% . 39% . 9% 6% 19% ' iO% . 4% '2% 4% Mav 21, 54 63% . 19% . .... . .. tr. 
1933 
May 22 to 32 78% . 25% . 28% i3% 16% 7% .... ..... 41% . 
... 
June 18, 32 ... 64% .... 12% . . .... ..... ... 4% 
1933 
uniformity of feeding trends revealed by table 5 and the appen-
dix (A) . Nevertheless, the limited volumetric data in table 5 may 
be plotted-excluding family studies 39 and 40 because of their 
unique marsh setting and consequent overweighting of migratory 
birds-in a way adequate to give the reader an idea of the foods 
depended upon as staples in much of the region covered by the 
research (fig. 4 ). It may be seen that the trend of medium-
sized mammals is irregular but low in late spring when migra-
tory birds are at a temporary peak and also low when resident 
birds reach their high midsummer level; small mammals grad-
ually decline and lower vertebrates rise rather sharply between 
early summer and midsummer; invertebrates remain a minor 
food from late spring to midsummer. 
SUMMER TO WINTER TRANSITIONS IN DIET AS ILL USTRA'l'ED 
BY DATA FROM MISCELLANEOUS SOURCES 
"\¥ e have, as previously indicated, a paucity of data 011 food 
habits of horned owls in late RUmmel' and earlv fall and few from 
what we have reason to believe were the s~me individuals 01' 
groups. Only two local areas have yielded even fair data for 
this time of year, and they are not very typical of the region as 
a whole: the island in "Mud Lake, north of Ruthven, northwest 
Iowa (specialnhase study 1, appendix (B )) , and the vicinity 
of a dry creek north of Philip, western South Dakota (special 
phase study 2, appendix (B ) ) , A truer picture of seasonal 
feeding trends is doubtlessly shown by the miscellaneous data 
I 
II 
I 
70"70 
60"70 
50% 
400/0 
30% 
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C o ++on+a\! and o Ther medlum-
siz.ed mommals 
Mice and oTher small mammals --_._-
Pern')one.n-tly res.iden+ birde. ----
M iqra+ory birds -----
Lower ver+ebra"tes 
InverTebrates 
" I 
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V / 1 
~ I 20%r---~~~~-----+-----------r-=~~----'---------~ 
10"70 r---------~1--~~~--~~~--~~~----------~~ __ ~~----~ 
I -J--o~ 
---0 IO% ~~~~-L~~~~~~~~~~==~-~~~~~ 
2.23 pelJete., 270 pel1e+s, Z,4B pelle+s, III pelle+s , 75 pelle+s, 
rnos+ly from mosTly from mo~+I~ .from rno'3+Jy from mosTly f'rom 
laTe winTe r early spring laTe spring early ~u.mmer mid-summer 
( Februory 4- (April) (Moy) ' ,June) (July) 
Morch) 
Fig. 4. Percent by volume of major prey types in the diet of -'typical" horned owls J 
southern Iowa to central Minnesota, winter to summer. 
or special ph use studies 3 and 4 ( appendix (B)) , which were 
derived lar g'ely from stomachs and isolated pellets of clear origin 
in subregions I and II, respectively. 
Table 6 gives the representation percentages of major prey 
types for special phase studies 1 to 4. Except for special phase 
study 2, the proportion of pellets and stomachs containing in-
vr,rtebrate remains is not high, but owls utilizing this prey type at 
all usually did so rather heavily-which suggests feeding by in-
experienced or clumsy juveniles (49). 
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TABLE 6. SUMMER TO WINTER CHANGES IN FEEDING TRENDS SHOWN BY PERCENT 
OF PELLETS (INCLUDING STOMACHS) IN WHICH MAJOR PREY 
TYPES WERE REPRESENTED . 
Mammals Birds 
------------
Cottontail Mice and Resident Migratory 
Appen- Period No. and others others of (inel. (inel. Lower 
Locality dix (B) yielding ~l- of medium small probable) probable) verte-
refer- data ets sizes sizes brates 
ence 
---------- ---------------
July 25 to 
Mud Special early fall, 20 45% 15% 5% 70% ........ 
Lake, phase 1933 
N.Ruth- study 1 
ven, Late rail, 
Iowa 1933, to 
Feb. 10, 
24 63% 8% 17% 25% .... .... . 
1934 
N. Sraeia1 Early Philip, p ase Aug. to 13 69% 23% 15% 15% 8% 
S. Dak. study 2 Au~. 25, 
1934 
Late 
Southern Special summer 
Wis. phase through 10 
study 3 early fall, 
60% 70% .......... . . . . . . . . . . . . . . . . . . . 
1930 
Late rail 
through 
early win- 35 54% 46% 20% 6% ....... .. . 
ter, 1930-
32 
Southern Special Early fall 
and rh18e through 25 84 % 40% 16% 4% .... .... . 
central study 4 early win-
Iowa ter, 1932-
35 
* Invertebrates eaten were chIefly wolf spIders (Lycosa sp.) 
ANALYSIS OF HORNED OWL PREDATION 
UPON DIFFERENT GROUPS OF PREY 
Insoots 
and other 
inverte-
brates 
---
5% 
. . . . . . . . . . 
85%* 
30% 
3% 
8% 
The preying of the great horned owl upon conveniently 
available forms of life may seem easy to understand, but the 
factors conditioning different degrees of availability may be 
many and involved. Predation, in our experience, has rarely 
seemed just a matter of a predator having a predilection for a 
given prey species and taking its victims when and where it 
presumably wished. Development by an individual predator of 
bunting routines in habitats characterized by certain prey types 
does not necessarily mean that the predator has a special" taste" 
for the prey found there, as is illustrated by the promptness with 
which many predators may take advantage of increased avail-
ability of other prey. 
It is logical to expect mammals that hibernate or estivate, 
migratory birds, young of various species, etc., to be utilized at 
times when actively present in considerable numbers; but there 
appears to be little evident uniformity in the proportions in 
r 
I 
785 
which these or other animal groups may be represented in the 
diet of an efficient general feeder such as the horned owl. Many 
fluctuations in representation do not seem to differ essentially 
from the" waves" in capture of prey species observed in study-
ing the marsh hawk (Circus ht£dsoni'Us) , the diet of which showed 
transitory prominence of various items (50). 
"vVave" phenomena, when compared with contemporaneous 
population and ecological data, may reflect changes in vulner-
ability of prey populations that at times may be very significant. 
Some of the clearest examples will be given later in the dis-
cussion of predation upon the muskrat and the bob-white, both 
of which have been studied with particular thoroughness. 
We know so little about the ecology of the majority of species 
preyed upon by the horned owl, however, that discussions of 
them must of necessity be in many ways incomplete or incon-
clusive. Variations in fundamental predator-prey interactions 
due to geographical peculiarities may also complicate efforts at 
analysis-as Errington and Stoddard (57) have brought out in 
comparing the findings from their respective quail investiga-
tions in north-central and southeastern United States. 
RABBITS A~-n HARES 
Members of the Leporidae, remains of which were represented 
in 3,315 or 68.5 percent of 4,838 pellets and stomachs, usually 
constitute the main staple fare of the horned owl over nearly 
all of that species' range on this continent. Special phase study 
5 (appendix (B)) illustrates the winter and spring dominance 
of snowshoe hare over cottontail prey m the northern part of 
the region with which this writing deals. Snowshoe hare remains 
were recognized in 85 percent and those of cottontail in 10 per-
cent of 81 pellets collected from the Forestry Station near Clo-
quet, Minn., chiefly by R. 'r. King and students. Bird (15) found 
snowshoe hare remains in 53 percent of 114 pellets gathered in 
southern Manitoba during the spring and early summer of 1928. 
On the whole, the cottontail seems to comprise about the 
same proportion of the horned owl's diet in north-central states 
during years that the rabbit. popUlations are low that it does in 
years marked by high densities. This is exemplified by table 7 for 
an area near Prairie du Sac, vVis., that has been under close ob-
servation for many years. The cottontail popUlation was judged 
by a careful resident observer, A. J. Gastrow, to be only about 
one-third "normal" for the winter of 1936-37, yet remains oc-
cm'red in 69 percent of 51 owl pellets or at a higher rate of rep-
resentation than the average of 66 percent of 543 pellets for 8 
winters. By the winter of 1937-38, the cottontail population had 
recovered noticeably, though no exact figures for this area are 
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TABLE 7. REPRESENTATIONS OF . COTTONTAIL REMAINS IN WINTER HORNED OWL 
PELLETS COLLECTED ON THE SAME AREA* OVER A PERIOD OF YEARS. 
Number of 
Winter pellets 
examined 
1929-30 .. 31 
1930-31 . 60 
1931-<12 .. 161 
1932-<13 . 99 
1933-<14 . 21 
1934-<15 ... 42 
1935-<16 . . No data 
1936-37 . . 51 
1937-38 .. 78 
Total. . 543 
* Five square miles near Prairie du Sac t Wis. 
Percentage of pel-
lets containinl:t 
cottontail remains 
74% 
. 73% 
66% 
66% 
76% 
21 % 
No data 
69% 
76% 
66% 
Apnroximate status of 
cottontail p')pulation 
Density within limits of what 
seems . "normal';1 for area 
Decidedly lnw density 
Hi.her density than 1936-37 but 
Rtill rather low 
at hand. (The reader, if interested in differences in local feed-
ing trends of these owls for the latter two winters, may turn 
to special phase studieR 6 and 7 in the appendix (B)). 
Leopold and Anderson (88) state, "It may .. . be concluded 
that a rabbit [cottontail] scarcity prevailed throughout south-
ern Wisconsin in 1936 . . . ", and it was plain that <:entral 
Iowa cottontails were also scarce that year. Nevertheless, a 
large number of horned owl pellets examined superficially in 
the field during the spring of 1937 contained about the same 
proportion of cottontail remains as pellet lots from previous 
years. 
The evidence of possible thresholds of comparative security 
from predati.on for rabbits and hares is scanty and difficult to 
appraise. Williams (118) r ecords an instance of what looks likt 
virtually annihilative pressure by foxes upon a local rabbit pop-
ulation in northeastern Ohio following drought and other eco-
logical upsets. Criddle (21) describes very severe predator pres-
sure upon low densities of the snowshoe hare in southern Mani-
toba after a cyclir decline of that species; Sheldon's (109 ) ob-
servations in Alaska were similar. On the other hand, certain 
data from southern "\Visconsin suggest that cottontails may be 
able to live in some security at rather low densities despite hunt-
ing by wild predatory Clnemies, much as did the mice Kala-
burhov and Raewski studied in the North Caucasus (61) . (See 
also discussion of predation upon mice in the present bulletin, 
page 789.) 
Only 1 (3 percent) of 30 winter pellets from strong cotton-
tail habitat on the outskirts of Madison, Wis., 1929-30, contained 
cottontail remains (special phase study 8, appendix (B)). At 
the time that the pellets were collected, there were still cotton-
tails to be seen, but i.t was thought that fall and early winter 
f 
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human hunting had reduced their numbers to the point of vir-
tual security from wild" enemies even as formidable as the horned 
owl. Cottontaill'emains were found in 9 (27 percent ) of 33 pellets 
from an adjacent estate that was not so freely accessible to shoot-
ers (special phase study 9, appendix- (B». It cannot be said 
positively that these two lots of pellets were not contaminated 
with pellets of the barred owl, but field evidence indicated that 
such contamination, if it existed, was slight. 
At this stage of our knowledge, we can hardly say whether rab-
bit or hare populations really do have thresholds of security 
from predation that become operative after their densities are re·· 
du~ed to low levels, or whether decreasing mathematical chances 
of predators finding prey at low densities may account for the 
apparent security of populations occasionally observed. The 
fact remains that, even after the drastic periodic declines of the 
northern wilderness hares followed by intense searching on the 
part of desperate predators having practically no other food, 
there are enough hares surviving to permit recovery to top-
heavy peaks within a short space of years. 
NORWAY RAT 
Representations of Norway rat remains in 289 (6.0 percent) 
of the total pellets and stomachs show what is believed to be pres-
sure disproportionate to the densities of this alien species occur-
ring away from buildings. For the cold months, the representa-
tions were in 200 (5.2 percent ) of 3,852 pellets; from late spring 
to fall, in 89 (9.0 percent ) of 986 pellets. While the rats con-
stituted a food item of greater dietary importance in the south-
ern half of the north-central region in which studies were made, 
Bird (15), writing of the food habits of the horned owl in Mani-
toba in spring and early summer, 1928, lists 5 representations 
in 114 pellets for which contents were tabulated. 
Very high representations of rat remains in owl pellets (up to 
'10 percent for some fair-sized lots ) are to be noted in local col-
lections rather than in those from extensive areas, and this may 
hold true for pellets from owls other than the horned owl (35). 
J<'amily studies 1, 4, 27 and 29 of appendix (A) and special 
phase study 10 (appendix (B» illustrate conspicuously heavy 
pressnre. Special phase study 10 was based upon pellets from 
near a lake, where rats lived in abundance along the shores. 
Vulnerability of Norway rats living, or trying to live, away 
from human habitations is apparently linked with localization 
of winter food sources and with habits that may predispose them 
to attack by our native owls (37). In southern Wisconsin, field-
wintering rats seemed preyed upon at all observed densities and 
11 Wild predators should be considered in a different categol'Y from selective and 
ingenious mau, aided by guns, dogs and otner equipment. 
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usually left the fields or suffered annihilation by spring. With 
the return of warm weather, the fields were repopulated by 
animals spreading out from farm buildings, dumps and other I 
favorable quarters capable of maintaining populations the year 
around. We have known rats in southern Iowa to succeed in 
wintering in field-shocked corn, in the vicinity of game bird 
feeding stations, etc., especially during mild winters; but here, 
too, they seemed exceedingly vulnerable to predation. 
MICE 
In the 4,838 pellets and stomachs, mouse remains were found 
in 1,934 (40 percent) . The total of 5,080 mouse individuals listed 
in the analyses of these pellets includes jumping' mice (Zapus 
hudsonius ) , house mice (Mus musculus), red-backed mice (Cleth-
1··ionomys gapperi ), lemming mice (Synaptomys cooperi ) and 
harvest mice (Reith,'odontomys megalotis) , as well as meadow 
mice and deer mice, but the last two kinds far outnumber the 
others. 
For the cold months, 1,601 (41.6 percent) of 3,8;)2 pellets con-
tained remains of mice-4,578 individuals or an average of 2.9 
per containing pellet. vVarm weather representations in 333 
(33.8 percent ) of 986 pellets showed remains of 503 individuals 
or an average of 1.5. 
Meadow mouse representations in 800 pellets and deer mouse 
in 1,400 give a 36.4 to 63.6 ratio to each other; and recognized 
remains of individuals total 1,281 for meadow mouse and 3,414 
for deer mouse, thus occurring in a ratio of 27.3 to 72.7 for all 
seasons. Apportioned according to the colder and warmer halves 
of the year, the data show representations of Mic1'otus and Pe1'-
omyscus of 37.3 to 62.7 from late fall through early spring and 
of 29.8 to 70.2 from late spring through early fall. There is 
slightly less differ ence in the ratios of individuals of these gen-
era taken by the owls over the year, the cold weather ratio -
being 27.7 to 72.3 and the warm weather ratio, 23.3 to 76.7. 
Hendrickson and Swan (77 ) observed during a central Iowa 
winter study of the short-eared owl (Asio flammeus ) that" . . . 
as the temperature went down the percentage of :Microtus [in 
pellets 1 went down and the percentages of P eromyscus in-
creased." Vulnerability of Microtus seemed to increase as their 
tunnels were exposed by the melting of the ice and snow. In 
southern Wisconsin, meadow mice, althoug'h exceptionally 
abundant, r eceived such protection from deep snow during mid-
winter, 1929-30, that foxes hardly preyed upon them at all 
(39 ) and barn owls (Tyto alba p"atincola) evidently dependent 
upon them died of cold and hunger in at least one locality (29, 
31 ) . 
The question of possible thresholds of security in mouse popu-
789 
lations has not to our knowledge been adequately explored. Very 
suggestive are the findings of Kalabuchov and Raewski whose 
work on mice in the North Caucasus has been referred to by 
Gause (61 ). These investigators found that, after the mouse 
populations they were studying had been reduced to certain 
levels, the r emnant only rarely lost from predation and hence 
remained constant in numbers; biological peculiarities of pre-
datory enemies as well as densities of the mice and qualities of 
mouse habitats seemed to determine the levels of comparative 
security operative for these rodent populations. 
Of mice of the genera MicrottlS and Per'ornyscus, the former 
are seemingly more subject to pronounced fluctuations. As 
Hamilton (75) states in r eviewing the literature, the evidence 
points to a 4-year population cycle in Microtus. The same author 
found populations of M. pennsylvanicus reaching densities of 160 
to 230 ner acre in New York in the winter of 1935-36; and 
Blton, Davis and Findlay (26) report densities of M. agr'estis 
of between 100 and 200 per acre on the Scottish Border in the 
spring of 1934. Occasionally peak populations greatly in excess 
of these occur, as in the "mouse plagues" described by Bailey 
(8), Piper (104) and others. Declines following such peaks 
may be sudden and drastic and have taken place in the spring 
in instances recorded by Middleton (96 ), Elton et al (26) and 
Hamilton (75). 
Meadow mice had manifestly reached an abundance peak in 
south-central Wisconsin by the summer of 1929. It is not clear 
just when the most abrupt drop in numbers took place, but, by 
early summer, 1930, few animals or fresh "signs" could be 
found in fields criss-crossed by the trails and burrows of the 
preceding year. While at the height of their abundance, the 
mice were preyed upon by a great variety of creatures, includ-
ing crows (Corvus bmchyrhynchos ) , domestic chickens, and 
American bitterns (Botaurus lentiginosus) , as well as serving as 
the chief item in the diet of field-hunting house cats (Felis 
dornestica), red fox (V ulpes fulva ), grey fox (U rocyon cine reo-
argenteus) (39), marsh hawk (33,50), barn owl, long-eared owl 
(Asio w71sonian1ls) and screech owl (31) . The short-eared owl 
fed more on deer mice 12 (31; see also 77). Seventy entire pellets 
and fragments of about 15 others from probably a single saw-
whet owl (Cryptoglaux acadica) contained nearly four times as 
many Per'ornyscus skulls as Microtus. 
That the horned owl did not turn to the extraordinarily 
numerous meadow mice as an exclusive diet is plain from table 8, 
which was prepared from data from localities known to have 
12 Snyder and Hope (110) discovered much heavier feeding by short-eared owls upon 
meadow mice during a peak year in Ontario and even greater proportion of meadow 
mice to deer mice in the diets of the owls the following year, though at that 
time both owls and mice were less numerous. 
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TABLE 8. MEADOW MICE AND DEER MICE IN THE DIET OF THE GREAT HORNED OWL 
IN SOUTH-CENTRAL WISCONSIN LOCALITIES 19'9-31* 
-
Meadow mouse Deer mouse 
Percent of Average of Percent of Average of 
Period with which Number pellets individual pellets individual 
Locality data are concerned of cont..1.ining mouse re- containing mouse re-
pellets mouse mains in mouse maina in 
remains pellets remains pellets 
VeroDa Winter, 1929-30, 
through March 39 64% 1.1 69% 2 .8 
April 5 to 27, 1930 27 26% 0 .3 33% 0 .7 
April 28 to May 15, 
1930 22 9% 0 .1 41 % 0 .8 
Winter, 1930-31, 
through March 21 33% 0 .3 52% 1.5 
April 1 to 25, 1931 8 13% 0.3 75% 3.9 
April 26 to May 21, 
1931 29 14 % 0 .1 48% 1.7 
May 22 to Aug. 5, 
1931 39 8% 0.1 5% 0.1 
Pine Bluff Winter, 1929-30, 
through March 10 70% 2.1 80% 1.3 
Late winter, 1930-31, 
to March 22 28 18% 0.2 50% 1.8 
March 23 to April 
25,1931 12 25% 0 .3 33% 3.1 
April 26 to May 3D, 
1931 21 5% tr. 33% 0.5 
May 31 to Aug. 8, 
1931 44 5% tr. 16% 0 .2 
-
Roxbury Winter, 1929-30 106 37% 0 .7 33% 0 . 7 
Winter, 1930-31 40 13% 0.2 18% 0.3 
Middleton Winter, 1929-30 19 47% 1.3 68% 2.9 
Winter, 1930-31 43 5% tr. 47% 1.7 
Stoughton Winter, 1929-30 21 62% 1.7 43% 1.1 
Fall, 1930, to April 
11, 1931 25 24% 0 .6 20% 0.5 
Prairie du Sac Winter, 1929-30, to 
March 25 36 22% 0.5 67% 2.4 
. 
March 26 to April 
13, 1930 36 8% 0.1 3% tr . 
Fall, 1930, through 
March, 1931 65 14% 0 .2 38% 1.4 
April,I931 38 .... . . . ....... .. 47% 1. 3 
May 1 to June 10, 
1931 39 8% 0 .1 44 % 0 .8 
Composite Winter, 1929-30 231 44% 0.9 50% 1.6 
of campara· 
ble data from Spring, 1930 . 85 14% 0.1 22% 0.5 
above locali-
ties Winter, 1930-31 222 15% 0.2 37% 1.2 
Sprin •. 1931 230 7% 0 .1 33% 0 .9 
* The summer of 1929 and the WInter of 1929-30 were seasons of COnspICUOUS abundance of meadow mIce I 
which apparently fell off sharply in numbers in the spring of 1930; deer mouse populations were not known 
to have fluctuated unusually during the periods with which this table deals. 
i II 
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been heavily populated by MiCl'otus in 1929 and up to the spring 
of 1930 and then underpopulated for many months. During 
the meadow mouse peak, deer mice were generally taken in great-
er numbers and their predominance became even more marked 
after the decline of the meadow mice. 
SCIURIDS AND MISCELLANEOUS RODENTS 
Although representations of fox squirrel remains in 20 (0.4 
percent) of the pellets and stomachs and of ground squirrels 
(Citellus spp.) in 8 (0.2 percent) relate to the greater part of 
the region in which studies were made, other sciurid representa-
tions reflect horned owl pressure on a more restricted scale. The 
majority of the pellets containing flying squirrel (Glaucomys 
spp.) and chipmunk (Tamias striatus) remains l27 (0.6 percent) 
and 10 (0.2 percent) of the 4,838 total, respectively] were col-
lected from Dane County, "Vis. 
Predation upon Glaucomys volans by barred owls (31) as well 
as by horned owls has seemed remarkably severe in proportion 
to detected evidence of these mammals in southern Wisconsin 
woodlots, but they may have been more abundant than was 
believed ". The diurnal sciurids, conversely, appear to be preyed 
upon by large owls less in proportion to numbers than accord-
ing to chance opportunities for predation. Allen (4) writes 
of activities of chipmunks at about daybreak and gives one in-
stance of an animal gathering food in the dusk after sundown, 
and it is probably at these times that they are usually caught by 
owls. Unpublished notes describe crepuscular unrest on the part 
of fox squirrels, some of which was manifested by scolding and 
chasing in the dim light of evening in a manner one would think 
inviting attack by any horned owls that might be in the neigh-
borhood. 
The miscellaneous rodents referred to under this heading are 
chiefly muskrats and pocket gophers. Remains of the gophers 
",'ere found in 47 (1.0 percent) of the total number of pellets 
and stomachs, with Iowa and Minnesota lots containing the 
most representations. Bird (15) lists remains of the Western 
pocket gopher (Thornomys taZpoides) in 16 (14 percent) of 114 
horned owl pellets from l\1anitoba and comments further that it 
is an important food item during the latter part of May, when 
it spends much time above ground in search of mates. 
A distinct rise in representations of Geomys bttrsarius in the 
diet of Iowa red foxes during the drought spring and summer 
of 1934 over that of "normal" 1933 was attributed to in-
('reased foraging above ground (and hence increased vulnerabil-
ity for these fossorial animals) necessitated by sparseness of 
vegetation during the drought (40). 
13 Seton (108) gives testimony of many authors indicating gregarious habits and 
astonishing local abundance. 
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The only Iowa horned owl food data strictly contemporaneous 
with the fox data for 1933 and 1934 and pertaining to specific 
localities come from the vicinities of Ames and Ruthven. None 
of 45 Ruthven pellets for 1933 and 15 for 1934 contained pocket 
gopher remains. The Ames collections contained remains of this 
prey in 6 (2.3 percent) of 263 pellets for 1933 and in none of 65 
pellets for 1934. Over the state as a whole, represe.ntations in 7 
(1.6 percent) of 451 spring and summer pellets for 1933 and in 5 
(1.8 percent) of 278 for 1934 show little difference that can be 
associated with drought-accentuated vulnerability of the gophers. 
There appears to be a similar lack of association between the 
drought of 1934 and horned owl pressure upon muskrats, al-
though drought conditions were accompanied by increased rep· 
resentation of muskrats in the diet of red foxes (40). During 
the drought of 1936, the increase of vulnerability of muskrats 
to mink also was striking (47). Nevertheless, horned owls may re-
spond to increased vulnerability of muskrats resulting from 
overpopulation or inferiority of occupied habitats. 
Of muskrat representations in 37 (0.8 percent) of the pellets 
and stomachs for the region, 29 were from lots totalling 134 pel-
lets picked up during single seasons in three areas. Relative 
to the most illuminating instance of horned owl predation upon 
muskrats, we may quote directly (46) : 
"The muskrat populations in the areas under observation in 
northwest Iowa were in the early stages of recovery from a 
drought when the Iowa cooperative program was begun in 1932. 
Aided by a closed trapping season during the fall and winter 
of 1933-34 and favorable breeding conditions during the sum-
mers of 1933 and 1934, the animals reached exceptional abund-
ance by the trapping season of 1934-35, when the Mud Lake 
Fur :B-'arm alone reported a catch of 2,528 muskrats or about 
8.5 per acre from about 300 acres of privately owned marsh 
near Ruthven, Iowa (letter, Joe Kautzky, Jr. , March 23, 1938 ). 
"Despite the patently high fall density for 1934 and a probable 
density close to five muskrats per acre in the fall of 1933 when 
no trapping was done, 209 horned owl pellets collected from a 
wooded island in Mud Lake from early spring, 1933, to early 
spring, 1935, contained no muskrat remains, which seems ex-
plainable in terms of the excellence of the habitat even for such 
large numbers of animals. 
"In late spring and early summer, 1935, stands of Cyperaceae 
covering roughly one-third of Mud Lake died out from some 
undetermined cause, and this was followed by the horned owls 
responding in a spectaCUlar manner to the consequent exposure 
of a large part of the muskrat population. Of 43 pellets from 
April and May, one of those from late May contained muskrat 
remains; then 5 of 16 pellets from June showed this item; and 
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also 8 of 12 July pellets. In the 8 Muskrat-containing 
pellets from July, remains of 1 adult and 11 young individuals 
were distinguished. The population was at perhaps half the 
density that the marsh had accomodated with evident security 
the year before, yet it apparently became more conspicuously 
vulnerable by reason of drastic changes in a very important 
constituent of its environment-the cover." 
rSee family study 40 appendix (A) for closer dating of 
t he above pellet lots and listings of other food items]. 
The pressure revealed by family study 26 (appendix (A», 
}\fay 22 to June 23, 1933, was centered upon young muskrats in 
small and shallow oxbow potholes that subsequent studies have 
shown to be of doubtful habitability. 
Concerning the third instance of severe local horned owl pre-
dation upon muskrats (special phase study 11, appendix (B». 
we are not sure that the muskrats were overpopulating their 
environment, but this is implied by the indirect evidence (46). 
CARNIVORES AND INSECTIVORES 
Remains of shrews, mostly short-tailed (Blar-ina brevicauda) , 
were represented in 130 (2.7 percent) of the total pellets and 
stomachs; moles (8calopus aquaticus) , in 40 (0.8 percent); car-
nivores, in 27 (0.5 percent). The carnivore representations were 
1!J of various weasels" (Mustela spp.), 2 of mink (Mustela vison) , 
1 of spotted skunk (Spilogale interrupta) , 4 of striped skunk 
(M ephitis sp.), and 1 of young gray (n fox. Other representa-
tions of mammals were 1 of bat (probably a vespertilionid) and 
6 of opossum (Didelphis virginiana). 
''VIle feel that we know little of what governs availability of 
insectivores to the owls except possibly relative numbers (91) 
and the hunting routines of the owls themselves. Moles, their 
fossorial habits notwithstanding, are preyed upon also by barred 
owls (56) and to some extent by red-tailed hawks (Buteo bore-
alis) (27, 51), fox(;s (40) and other north-central higher verte-
brates. 
Insectivores are obviously regarded with distaste by some pred-
atorf', especially mammalian, including individual foxes (99), 
minks and house cats, 'which may leave carcasses uneaten after 
killing. Raptorial birds in central Iowa seemingly discard part-
caten remains of shrews more often than they do remains of other 
small mammals captured in similar proportions, but, relished or 
not, insectivores may in some localities enter importantly into 
the diets of owls. Guerin (70), in his study of the European 
8t1'ix aluco, and Davis (22) , from work on the barn owl in Texas, 
give interesting examples. 
Among the mustelids, weasels seem more likely to be killed and 
left uneaten by mammals such as foxes than are skunks (39, 40). 
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All are freely eaten by horned owls, and Mustela spp. with such 
surprifling frequency that one may wonder if weasel intrepidity 
may not lead its possessors into a disproportionate amount of 
dan ger that weasel prowess cannot get them out of. 
P ASSERINE AND RELATED SM. ALL AND MEDIUM-SIZED BIRDS 
Grouped under the above head ing are memhers of 5 of the 
lnst. 10 orders of birds as arranged in the fourth edition of the 
A. O. U.checklist (5) : Columbiformes, Strigiformes, Caprimulgi-
f"rmes, Piciformes and Passeriformes. Also included, for lack 
of a better place to put them. are the hawks (Falconiformes) . 
Together , remains of these birds were detected in 665 (13.7 per-
cpnt) of the pellets and stomachs. 
Caprimukiformes were represented in only 2 pellets, 1 each 
of nighthawk (Chordeiles minor) and whip-po or-will (Antrosto-
rnus vociferus). Representations of F alconiformes were in 5 
pellets- 3 of sparrow hawk (Falco spat'verius) , ] of sharp-
shinned hawk (Accipiter velox) and 1 of the possible goshawk 
(Astur atricapill1ls) mentioned under special phase study 5. 
appendix (B). Field evidence of horned owl predation upon an-
other sparrow hawk, a Cooper's hawk (Accipiter cooperi) and a 
nestling red-tailed hawk likewise was noted. 
Remains of Columbiformes were found in 47 (0.9 percent ) of 
the pellets: 30 representations of domestic pigeon an d 17 of 
mourning dove (Z er/J1,idura mact·oura) . Remains of Piciformes 
in 69 (1.4 percent) were predominantly of flicker (Colaptes 
anratus) and red-headed woodpecker (Melanerpts erythroce-
phalus). 
Strigiformes r epresentations in 90 (1.9 percent) comprise 65 
of screech owl, 21 of Asio spp., 1 of burrowing owl (Speotyto 
cunicularia) , 1 of saw-whet owl and 2 of young horned owl, 
t he latter being remains of a tethered young killed by f ire (family 
study 41, appendix (A». In addition, we have field evidence 
(If all other north-central owls eaten by the horned owl except 
adults of its own kind 14; species of owls preyed upon other than 
those given in this paragraph include barred owl and Richard-
son's owl (Cryptoglaux funerea richardsoni). We have some-
times thought that. the pressure of horned and other of the 
larger 0,v1s upon thE- screech owl was diflproportionately severe 
but are now inclined to suspect that screech owl densities in our 
observational areas may have been higher than was apparent. 
Remains of passerine and undetermined small birds in 452 
(9.4 percent) of the pellets and stomachs show a quite expected 
utilization of this seasonally abundant food source. Of remains 
U Cannibalism occurs not unc.ommonly when two or more adult horned owls are held 
captive together in confined quarters. We do not regard as cannibalism the killing 
and eating of ow Is belonging to other species. 
I 
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of 591 individuals, 476 were identified at least to the family and, 
except :B'ringillidae, mostly to the species. 
Comparatively few of 149 fringillid remains were further 
identified, but those that were traced down represent a fair 
sample of native sparrow populations at all seasons, r esident 
and migratory forms, alike: snow buntings (Plect1'ophenax 
nivaliis) , longspurs (Calcarins spp.), song sparrows (Melospiza 
rnelodia,) , white-throated sparrows (Zonotrichia albicollis), tree 
sparrows (SpizeUa arborea), juncos (Junco hyemalis) , vesper 
sparrows (Poocetes g1·amine71s) , cardinals (Richmondena ca1·din-
alis), etc. 
Among remains of 163 icterids were 27 of grackles (Quiscalus 
quisc'ula) , 94 of marsh blackbirds (both red-winged, Agelaius 
phoeniceus, and yellow headed, X anthocephalus xanthocephalus) , 
29 of meadowlarks (St1lrnella spp.) and 13 determined only to 
fami ly or to sparingly represented genera as Molothrus, Eupha-
gus and Icterus. Thirty-nine of 58 Turdidae were robins (Tur-
dus migratorius) ; the balance, bluebirds (Sialia sialis), hermit 
thrushes (H ylocichla guttata) and a few not further identified. 
Data on corvine remains in pellets are hard to interpret in terms 
of individual victims, principally because of the large size of the 
trows, but, of bones of 47 individuals reasonably well distin-
guished, 23 were of crows and 24 of bluejays (Cyanocitta cris-
tata) . 
Fifty-nine passerine birds belonging to miscellaneous families 
were recognized from pelletal remains: 11 English sparrows 
(Passer domesticus) , 4 warblers (Compsothlypidae), 4 vireos 
(Vireo sp.), 4 starlings (Sturnus vulgaris) 2 kinglets (Regu-
linae) , 4 brown thrashers (Toxostoma rufum) , 6 catbirds (Dum-
atella carolinensis) , 3 wrens (Troglodytidae), 2 creepers (Cer-
thia /amibia,ris) , 3 nuthatches (Sittidae), 1 titmouse (Baeolo-
phus bicolor) , 2 chickadees (Penthestes atricapillus) , 9 swallows 
(Hirundillidae ) and 4 horned larks (Otocoris alpestris). 
There have been in r ecent years a considerable number of com-
prehensive studies of the life history and ecology of American 
passerine birds. Examples of resulting pUblications include 
those on the house wren (Troglodytes aedon) by Baldwin and 
Kendeigh (9, 82, 83) ; the song sparrow by Nice (101, 102) ; the 
bank swallow (Riparia riparia) by Stoner (114) ; the oven-bird 
(S eiurus aurocapillus) by Hann (76) ; and the wren-tit (Cham-
aea fasciata) by Erickson (28 ) . As concerns vulnerability of 
passerine birds, Nice's (102) findings are of notable interest 
and significance- illustrating a connection between quality of 
Ohio song sparrow environment and severity of losses from pre-
dation-and it seems probable that they may have wider applica-
tion to populations of small birds. 
Some changes in horned owl pressure upon marsh blackbird 
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populations on Mud Lake, north of Ruthven, Iowa, are suggest-
ive (family studies 39 and 40, appeY'.dix (A». Ten (22 per-
rcnt ) of 45 pellets deposited from late spring to July 24, 1933, 
rontained r emains of 14 red-winged blackbirds and 5 (11 per-
cent ) i'omains of 5 yellow-heads. In 71 pellets deposited be-
tween March 31 and July 15, 1935, there were remains of 17 red-
wings in 12 (17 percent), which does not indicate a significant 
difference in pressure; but remains of 27 yellow-heads were 
found in 20 (28 percent ) of the pellets. The heavy rise in 
representation of yellow-heads seemed to coincide with the dying 
out of the Cyperaceae described under the discussion of preda-
tion upon muskrats. The yellow-heads, living deep in the marsh, 
were presumably rendered more vulnerable by the collapse of 
'the central stands of vegetation than were the edge-dwelling 
red-wings. A possible flaw in this cause-and-effect reasoning may 
b8 indicated by the fact that four of five yellow-heads taken by 
the owls between June 2 and July 15,1935, were young, banded 16 
hirds living in habitat somewhat apart from the main area 
affected by the die-off of the Cyperaceae; one pellet was made up 
largely of remains of three banded in a nest a few days previ-
ously. 
So far as we can see, passerine hirds in migration are preyed 
upon roughly in proportion to their ,numbers. This is in keep-
ing with McAtee's (91) principle, which, however, refers more 
to combined than to specific predation. Marked congregation at 
other times, as on wintering grounds, seemingly mayor may not 
be attended by proportional predation, depending upon relation-
ship~ too complex and as yet too imperfectly understood to be 
uiscussed here. 
It is logical that types of habitats and hunting routines of 
individual horned owls may influence the actual order in which 
prey species are taken, even when the apparent availability of 
the prey may be about the same over sizeable tracts of land. 
'Yithout knowing much about many of the details of detection 
and capture of prey by the owls, one can readily conceive of an 
individual's utilization of migratory birds in part of its hunt-
ing territory being conditioned by whether or not it caught a 
cottontail enroute. Again and again, pellet contents and field 
data reflect opportunistic hunting in different habitats charac-
terized seasonally by certain types of available prey animals. 
SHOREBIRDS, RAILS AND ALLIES, AND 
MISCELLANEOUS WATER BIRDS 
Grebes and herons (orders Colymbiformes and Ciconiiformes ) 
:tl'e fe.r convenience included here with the Rallidae of the Grui.-
formes and the shorebirds and Laridae of the Charadriiformes. 
15 G. A. Ammann carried on life history and ecological studies of local mar~h biack-
blrils, especially yellow-headed, during the period covered by the homed owl work at 
Mud Lake (6) . 
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Remains of these forms collectively were represented in 144 (3 
percent) of the pellets and stomachs. 
Twelve representations of shorebirds ,. were mainly of different 
or of undetermined species that seem to have been preyed upon 
lightly and at random. Comment is hardly warranted upon 
~ingle representations of the black tern (Ohlidonias nigra), 
Porster's tern (Sterna jorsteri), Bonaparte's gull (Larus phil-
adelphia) and green he.ron (Butorides virescens) , nor upon four 
representations of the least bittern (I XOb1'ychus exilis). 
Fifty-nine r epresentations of coots and gallinules (Gallinttla 
chloro'jJus) (mostly the former), 55 of rails and 19 I)f grebes 
manifest predation upon both migrant and breeding populations. 
Relative to pressure upon breeding birds, the data from 
Mud. Lake, in the vicinity of Ruthven, Iowa, are most 
pertinent. 
A recent paper by Friley, Bennett and Hendrickson (58) sums 
up data on Mud Lake coot and grebe populations gathered by 
Iowa State College investigators between 1932 and 1935. Ben-
nett, in the spring of 1933, estimated that 20,000 coots rested for 
a time on this marsh, then of about 350 acres in area. On June 
25, 1932, 189 coot nests were counted on one-fourth of the 
marsh; for the summer of 1935, the resident coot popUlation for 
the marsh is given at approximately 100 pairs. In the sum-
mer of 1935, over 60 pairs of pied-billed grebes (Podilymbtts 
podiceps) and a colony of eared grebes (Oolymbus nigricollis) 
nested on Mud Lake;" grebe data for previous seasons are in-
complete, but the authors quoted state that there were no eared 
grebes nesting there in 1932 and that other species of birds, 
except the abundant coots, were less numerous that year-which 
apparently was also true of the pied-billed grebes. No numer-
ical data on rail populations are given, but three nesting species 
are referred to as "numerous", at least for 1935.18 
As may be seen from family study 39 (appendix (A» and 
special phase study 1 (appendix (B», 65 horned owl pellets 
were collected from the vicinity of Mud Lake during the 1933 
breeding season of water birds. Representations of Rallidae and 
grebes: coot (including 2 pellets with remains of young), 10 (15 
percent) ; sora (Porzana carolina), 2 18 percent) ; Virginia rail 
(RaUus limicola ) , 1 (2 percent); king rail (Ra1l1ts elegans) , 
1 (2 percent) ; pied-billed grebe (including 1 pellet with remains 
of young), 5 (8 percent). 
The last 71 pellets of family study 40 (appendix (A», like-
wise collected at Mud Lake, though in 1935, are not wholly com-
parable with the 1933 pellets, but the two lots are similar enough 
16 For information on the shorebirds of northwest Iowa, where most instances of 
~edation occurred. see papers by Bennett (12) a nd Spawn (112). 
1. 'rhe eared .~rebe colony has been described by Friley and Hendrickson (59). 
" Bennett (11) has published a general account of marsh-nesting birds in north-
west Iowa. especially those of Mud Lake. 
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in size and seasonal chronology to make the following representa-
tions of interest: coot (including 1 pellet with r emains of young) , 
14 (20 percent) ; sora, 11 (15 percent) ; Virginia rail, 6 (8 per; 
cent) ; king rail, 1 (1 percent) ; pied-billed grebe, 4 (6 percent) ; 
probable eared grebe, 1 (1 percent). 
Friley, Bennett and Hendrickson (58) do not give figures on 
coot nesting populations for 1933, but Errington, who spent 
some time on and about Mud Lake in 1932 and much more in 
1933, docs not believe that there was any great difference for 
these two seasons in the vicinity of the island where the pellets 
were picked up. If this be true, the 1935 pellets show a higher 
rate of pr8dati011 upon a considerably lower coot population. 
\\7"hether the pr eviously described failure of the marsh cover in-
creased the vulnerability of the coots is not clear, but such an 
exnJ:mation would seem plausible. 
Rails . ('oats and grebes in migration are preyed upon rather 
regularly by ho.rned ow Is but seemingly not out of proportion to 
the numbers of migrants using the flyways. 
DOMESTIC CHICKEN 
Depredations by the horned owl upon domestic chickens were 
generally light but sometimes occurred on a heavy local scale. 
Seventy-five (1.6 percent) of the pellets and stomachs contained 
chicken remains, including some evidently eaten as carrion." As 
a rule, poultrymen's losses were of young chickens, from mid-
~'Ummer to fall. 
Family study 2 (appendix (A)), between May 22 and Aug. 
5, 1931, revealed the severest pressure of which we have record. 
Nineteen ( 49 percent ) of 39 pellets contained remains of 
chickens, mostly of young and sometimes of more than 1 indi-
yidual in a pellet. This pressure was becoming progressively 
heavier up to the time when the parent owls stopped feeding 
the tethered young, and it is suspected that chickens remained 
a stapl~ in the diet of the parents for unknown days or weeks 
thereafter. Depredations by the owls of family study 29 were 
also increasing by the last of the period of productive investiga-
tion; 1 of 4 pellets, July 4 to 8, 1933, contained remains of adult 
chicken; 3 of 3 pellets, July 9 to 15, adult chicken; and 1 of 2 
pellets, July 16 to 21, young chicken (2 individuals). 
Further evidence of poultry loss to horned owls at seasons 
poorly covered by pellet data was obtained by Errington in 
August, 1934, while visiting a western South Dakota ranch of 
which the terrain, buildings and economy were familiar to him. 
Shortly after the middle of August, and largely after the de-
position of the pellets collected for special phase study 2 (appen-
19 One fresh pellet containing remains of two chicken heads was found on Feb. 17. 
1934. at the edge of an I owa farmyard about which other chicken heads were freshly 
scattered as cut off by the farmer while killing or dressing poultry. 
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dix (B)), poultry losses became very noticeable. The depredat-
ing owls seemed mainly self-hunting juveniles', judging from a 
specimen examined and from- the calling heard at night from 
trees bordering a creek near by. The stomach contents of the 
specimen, shot in the evening of Aug. 25 as it came up to 
the yard, were remains of young rabbit or hare and domestic 
chicken (included in the summary for special phase study 2). 
The other data in hand revealing heavy local pressure upon 
poultry-family studies 4 and 38 (appendix (A) )-do not show 
ascending importance of this item in the diets of the owls in the 
terminating days of the studies. From June 26 to July 16, 
1931, 5 of 10 pellets of number 4 contained remains of young 
domestic chickens; from July 17 to Aug. 8, 0 of 15. Represen-
tations of young chickens were in 5 of 19 pellets from number 
38, May 29 to June 5, 1934; in 0 of 11, June 6 to 10. 
This type of predation upon barnyard flocks appears compar-
able to that described for the red-tailed hawk (33, 51)". One 
family of red-tails lived almost exclusively upon young domestic 
chickens from the last of April, 1931, to early in June; from 
June 8 to about June 20, on cottontails and ground squirrels, 
with some chicken; and from the last third of June to July 9, 
on little except cottontails, g-round squirrels and mice. In an-
other instance, data from May to July, 1931, showed heaviest 
pressure upon chickens between May 21 and June 5. 
J~ittle is kown of the circumstances under which horned owl 
predation upon chickens was most severe except as concerns 
family study 2 (appendix (A )) and that following special phase 
study 2 (appendix (B )). The owls of the family study had 
access to inadequately housed chickens that roamed and roosted 
at the edge of a large tract of woods. Those at the South Dakota 
r anch not only picked up chickens about the buildings and envir-
ons hut also took birds roosting in cattle sheds. Well-kept 
coops seemed to afford roosting chickens a substantial measure of 
security from horned owls, and some owls apparently avoid 
human habitations, as do wary red-tailed hawks (33), and 
seldom molest chickens that remain localized about the yards. 
WILD GALLINACEOUS BIRDS 
Horned owl predation upon northern bob-white populations 
has been summarized in one paper (44) and discussed to a 
varying extent elsewhere (34, 36, 46, 53 ) . It may, therefore, 
be unprofitable to devote more space to this subject in the present 
writing than is necessary to review our findings and perhaps 
to amplify descriptions of certain relationships. 
The greater part of the horned owl predation upon bob-white 
quail [181 (3.7 percent) of the pellets and stomachs contained 
remains of this species] was born by quail populations exceed-
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ing the winter carrying capacities of their habitats in southern 
and central Iowa· and southern Wisconsin, as determined by 
year-to-year studies on specifi.c areas (53). Vulnerability of 
wintering overpopulations was manifested by predation either 
upon excess birds occupying good range or upon those wander-
ing away from occupied coverts or stationing themselves in in-
ferior or uninhabitable environment. 
The clearest example of the latter type of vulnerability per-
tains to a lethal territory in which quail, attempting to winter, 
consistently suffered annihilative losses if they didn't leave (34, 
53). The owls of family study 7 (appendix (A)) hunted over 
this territory, and the occurrence of quail remains in 15 percent 
of 101 pellets deposited from February to May 6, 1932, coin-
eides with the shrinkage of the doomed covey from 16 to 2 birds 
between Feb. 3 and March 23 (34). 
The winter and early spring data of family studies 5, 15 
and 17 (appendix (A)) illustrate horned owl pressure upon 
moderate bob-white surpluses on areas for which existing carry-
ing capacities were reasonably well ascertained. Six represen-
tations of bob-whi.te in 62 peliets, 6 in 59, and 6 in 57 give close 
to 10 percent of the pellets with quail remains. Relative to 
"normal" representations of bob-white in horned owl pellets, 
we may quote (44): "Experience . . . has shown that quail 
remains in less than 6 percent of winter pellets (in good-sized 
lots) ordinarily means a fairly light horned owl pressure upon 
quail popUlations running from 30 to 100 hirds per square mile:" 
This represents 10sses of the sort. that even well-situated popu-
lations may be expected to suffer and seems largely to take the 
place of the losses from age and accident which would obviously 
go on anyway in the total absence of predators. " 
The food habits data summarized as special phase study 12 
(appendix (B)) show quail representations in 5 (10 percent) 
of 50 pellets. Contemporaneous with the hunting of the owls, 
the two nearest quail coveys were reduced to the carrying 
capacities of their respective territories-one from 28 to 22 
birds and the other from 22 to 17 « 53) pp. 343 and 346, terri-
tories number 20 and 29, 1932-33 ). 
More severe predation tends to take place when bob-whites 
concentrate during starvation crises in habitats where food is 
still to be had. Eight (19 percent) of the 42 pellets of special 
phase study 13 (appendix (B)) contained quail remains, which 
reflects pressure by horned owls at the time of the following 
situation (44) : 
"This tract of land had a carrying capacity of around 53 
bob-whites, as calculated on the basis of the numbers that had 
successfully wintered there in previous non-emergency years. 
20 The usual range of winter densities in Iowa and Wisconsin "quail eountry"· 
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As nearly as the 1934-35 story could be pieced together from 
almost continual field studies, 72 quail started the winter and 
50 were surviving by spring; but in the meantime there had 
been much movement in, some movement out, and a mortality 
that could be fairly closely determined at 54 birds, or a loss ex-
ceeding the number that wintered. 
"As long as the quail occupying this tract filled it up only 
to the limit of its known carrying capacity, the population 
suffered negligible losses from predation, from horned owls 
as well as from other resident predators. But whenever the 
environment became filled with quail past carrying capacity, 
t.he surplus birds soon departed (or their equivalent number 
did), or increased pressure from enemies cut the population 
down to the level of carrying capacity again." 
During the winter of 1934-35, Malcolm McDonald gathered 
some remarkable lots of horned and barred owl pellets from the 
v icinity of Fairfield, Iowa. Not only were the quail represen-
tations in the barred owl pellets the highest that Errington and 
McDonald found in their study of food habits of that owl (56), 
but bob-white remains in 19 (22 percent) of 85 horned owl 
pellets also stands as our record for a large series." McDonald 
et al (95) explain this extreme pressure: "The bob-whites were 
taken during a blizzardy week when there was a particularly 
heavy concentration of bob-whites in the park; 59 individuals 
were banded within a week in the few acres of woodland where 
they had taken refuge from the surrounding fields." Bands 
o! five bob-whites were recovered from owl pellets. Another lot 
of 65 pellets from an area a few miles away where the bob-white 
popUlation was presumably more" normal" had remains in four 
(6 percent). For purposes of contrast, the contents of these 
lots are given in the appendix (B) as special phase studies 14 
and 15. 
In spring and summer, predation rates were at times acceler-
.ated as an accompaniment of breeding excitement among the 
birds or perhaps for unknown r easons (44). Survival of the 
season's young in the face of predation from all usual sources 
has been, so far as worked out in the north-central region, in 
inverse ratios to the densities of the adult populations, regardless 
or observed kinds and numbers of predators 22 (53,54). 
Ruffed grouse (Bonas:J urnbeZZus) populations in the north-
central region seem to be in many ways vulnerable to, or 
relatively secure from, predation much as are bob-white popula-
tions (20, 42, 84). 
The right hand column of table 9, prepared from data on 
21 We have found bob-white remains in 10 or 33 percent of one lot of 30 pellets--
see family study 9 (appendix (A», Dec. 22, 1931, to Feb. 21, 1932. 
" In southeastern United States, the predator-quail equations may be considerably 
different (57, 85, 113). 
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TABLE 9. REPRESENTATIONS OF RUFFED aROUSE REMAINS IN PELLETS COMPARED 
WITH WINTER POPULATION STATUS OF THE aROUSE ON AN AREA OF 
5 SQUARE MILES NEAR PRAIRIE DU SAC, WIS.* 
Number of 
Percentage of Status of ruffed grouse population 
pellets conta.ining 
pellets ruffed grouse Individuals, Individuals, 
Winter examined remains December March 
1929-30 .... . . . . . . . . . . . . . . . 53 4% 20 ? 18 ? 
1930-31. . . . . . . . . . . . . 150 20 ? 20 ? 
1931-32. 232 1% 25 16-18 
1932-33 .. ..... . . .. .. 99 3% t 33 17 ? 
1933-34 21 
. tt 18 18 1934-35 42 19 ? 17 
1935-36 No data No dat. 15 15 
1936-37 .. _ 51 15 15 
1937-38 .. . 78 3% 15 ? 14 
* Data for winters 192P-30 through 1935-36 were taken fro-n Errington's (42) paper on winter c.rrving 
capacity of marginal ruffed grouse environment in north-central United States; thos'! for the last two winters i 
from notes of A. J. a .. trow and special phase studies 0 and 7 (appendix(B». 
t L0B8es from horned owls were heavier than as indicated by pellets gathered. 
t t Non-pellet remaina of two grouse killed by horned owls were found. 
marginal environment C42 and unpublished), shows what seems 
to be a threshold of security for wintering adults at about 18 
birds for an area of 5 square miles east of Prairie du Sac, 
Wis. King (84) obtained the following' figures on densities 
on 1,800 acres of good ruffed grouse range near Cloquet, Minn., 
elUTing years of high populations: October, 1931, 525 birds; 
April, 1932, 443; October, 1932, 750; April, 1933, 455; October, 
1933, 995; April, 1934, 452. During the winter of 1933-34, the 
l'eduction of the unusually high fall density to the approximate 
spring densities of 1932 and 1933 was accompanied by the most 
severe predation observed in 7 years of intensive study. Neither 
the pellets of table 9 nor those of special phase study 5 (appendix 
(B) ) reveal striking representations of grouse remains for any 
season. But, at both Prairie du Sac and Cloquet, populations 
top-heavy for their respective wintering environments were 
evidently insecure from horned owls as well as from other pre-
dators. Of the 4,838 horned owl pellets and stomachs from 
the north-central region, mostly from environment occupied by 
few if any ruffed grouse, 22 (0.5 percent) contained remains 
of the species. 
Edminster (25), analyzing results obtained py the New York 
ruffed grouse investigation between 1930 and 1937, found that, 
in every case where fall densities surpassed a bird per 4 acres 
on the best range, "immediate reaction set in in the form of 
dispersion and accelerated decimation." The New York data, 
however, show less connection between the severity of winter 
predation and recognizable carrying capacity than the north-
central data seem to, if one may judge from Edminster's tab-
ula.tions for the 2,304-acre Connecticut Hill area and the 816-
acre Adirondack area. It is possible that biotic relationships 
in the north-central and northeastern regions may differ some-
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what like those described for north-central and southeastern 
quail habitats (57). 
Most of the data we have on horned owl predation upon pop-
ulations of ring-necked pheasants and Hungarian partridges 
ha ve been summarized (46), and these are used as a basis for 
table 10. Representations of pheasant were recorded in 201 (4.2 
percent) of the total pellets and stomachs; Hungarian partridge, 
in 46 (1.0 percent) ; and the great majority of these remains 
were in the pellets from northwest Iowa (subregion III ). 
In northwest Iowa for the winter of 1934-35 " . . . . repre-
sentation of pheasant remains in but 10 or 6.4 .percent of 156 
horned owl pellets suggests that these birds [pheasants] may 
have been wintering at densities near some sort of threshold 
of security. The spring and summer representation ... was 
higher ... but at this time of year predation upon gallinaceous 
birds studied seems to be more in proportion to their actual 
numbers than in winter" (46). 
On areas under observation for the last 7 years in the 
vicinity of Ames, central Iowa, the pheasant wintering den-
sities have been maintained at about the same level or have 
perhaps increased slightly. Random counts of birds under fav-
orable census conditions and usually with the aid of good track-
ing snows have indicated densities averaging between 1 per 32 
and 1 per 80 acres. Green (68) estimated in 1935 a late fall 
population (before the hunting season) of approximately 1,000 
pheasants or an average of 1 per 4.9 acres on 8 sections of 
land under observation in north-central Iowa, of which about 
half of the birds entered the winter; these densities, we believe, 
TABLE 10. REPRESENTATIONS OF PHEAAANT AND PARTRIDGE REMAINS IN HORNED 
OWL PELLETS FROM NORTHWEST IOWA. 
Number Percent of Percent of 
of pellets con- pellets con· Remarks on comparative population 
Season ~llets taining taining status of pheasants and partridges 
pheasant partridge 
remains remains 
Winter, 224 21% 5% Pheasants had declined from a high ievel of the 
1933-34 previous year but were still numerous. Part-
ridge densities seemed to have risen somewhat 
from mnderately low levels of 1932-33. 
Spring and 147 37% 10% This season was ODe of severe early drought that 
Summer t 1934 seemed to be attended by slightly greater con-
sequences for the partridges. 
Winter, 156 6% 4% Pheasants were present in considerable abun-
1934-35 dance but their numbers were evidently lower 
than for the preceding two winters. Partridge 
densities were not known to be much different 
than for the winter of 1933-34. 
Spring and 143 23% 8% Spring and summer pheasant densities were lower 
Summer, 1935 than those of 1934. P:1.rtridge demities were 
thou3ht to have been ahout the same both 
bree ing seasons. 
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were probably rather close to those often existing in the north-
western part of the state from which owl pellets were collected. 
Family studies 24, 25 and 29 to 34 (appendix (A)) were made 
on the Ames areas. Only 2 (1 percent) of 162 winter horned 
owl pellets contained pheasant remains, and field "sign" of 
pheasants having been killed by the owls was rarely encountered. 
'rhe spring and summer pressure was obviously heavier, as 
pheasant representations were found in 17 (4.4 percent) of 388 
pellets, and pheasant feathers were commonly seen about horned 
()wl feeding places. In northwest Iowa, family studies 39 and 
40, with pheasant remains in 4 percent of 221 pellets, were made 
in pheasant environment thought to be not only somewhat super-
ior to, but also less populated 23 than, the sites of family studies 
35 to 38, the pellets from which had remains in 33 percent of 
334. 
Yeatter (119) reports an average early spring density for 
1933 of ]3.1 Hungarian partridges per 100 acres or about ~ 
bird per 8 acres on 3 sample plots in southern Michigan. Datg 
for 1931 and 1932 show early spring densities of about 1 bird 
pel' 19 acres and 1 per 11 acres, respectively, on his principal 
study area ncar Blissfield. Leopold (86) gives densities averag: 
ing about 1 bird per 6.5 acres in generally superior partridge 
range of Wisconsin, Illinois and Indiana, 1925 to 1928. The 
winter and spring partridge populations reported by Green and 
Hendrirkson (69) for a 4,900-acre observational area in north-
central Iowa varied 'from 16 birds (1 per 306 acres) to 140 (1 
per 35 acres) between 1935 and ]938; but Leopold (87, p. 85) 
11sts maximum densities for northwest Iowa counties (including 
Palo Alto, in which much of our work on the horned owl was 
done) up to a bird per 2.5 acres. 
The task of trying to arrive at conclusions regarding carrying 
capacities of Hungarian partridge habitats in northern Iowa is-
even when population data of evident reliability are available-
greatly complicated by the occurrence of varying but usually 
more or less high densities of pheasants on the same land 24. The 
intra- and interspecific relations appear similar to those observed 
between pheasants and bob-whites, in which case the quail were 
intolerant of overcrowding either by their own kind or by the 
pheasants (53). The rise of partridge densi tieR recorded by 
Green and Hendrickson (69) occurred after the drastic decline 
of the pheasants in the winter of 1935-36 (68), which was in 
turn followed by poor breeding seasonR of the latter birds. Prior 
tc the winter of 1935-36, our impression from field work in 
northwest Iowa was that since 1932 there had been a grad-
23 Lower pheasant densities in the vicinity of Mud Lake, north of Ruthven, were 
attributed in l"'::t.rt to overshooting. 
21 Readers particularly interest ed in this phase of the subject should consult Leopold's 
(87, p. 83-85) discussion of mixed populations of gallinaceous game birds. 
I 
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ual increase of Hungarian partridges attending incomplete re-
covery of pheasant populations from overshooting, among other 
things. Green and Hendrickson (69) conclude their paper with 
the· sentence: "Possibly when and if the pheasant population 
is built up to the same level it held before the disastrous winter 
of 1935-36, the European Partridge will lose the little advantage 
it has gained in the last year, and the old Rituation of low, fairly 
constant densities will result." 
The 1934 drought was thought to have increased the vulner-
ability of partridges to red foxes (40) but not to marsh hawks 
(50) or horned owls (55). 
The four representations of prairie chicken (Tympanuchtts 
cupido ame1'icanus) in the 269 pellets of family study 41 (Anoka, 
Minn., appendix (A)) are all that our pellets and stomachs 
show of this species, although prairie chickens are found as 
sparse breeding populations or in wintering flocks or "packs" in 
south-central Wisconsin and northern Iowa. Breckenridge (16) 
has described the floral and faunal characteristics of the sand 
plain area from vvhich the Anoka pellets were gathered. Ruffed 
grouse, prairie chickens, bob-whites and ring-necked pheasants 
were present at approximately the same spring and summer 
densities: 10 to 15 per square mile (1 to 43-64 acres), with bob-
whites slightly more numerous and pheasants slightly less. Cor-
l'esponding repres€l1tations of wild gallinaceous bird remains in 
223 spring and summer pellets: pheasant, 10 j bob-white, 0 j 
prairie chicken, 4 j ruffed grouse, 2. 
Since 1935, the junior authors have been working on horned 
owl-prairie chicken relationships in central Wisconsin, but this 
study is as yet incomplete. Remains of 11 sharp-tailed grouse 
(Pediocetes phasianelltts campestris) and prairie chickens were 
found in 571 pellets from the winter of 1936-37 (Frances Hamer-
strom and Oswald Mattson, MS), when the combined popula-
tion of the two grouse was estimated at 1 bird per 85-100 acres 
(73). The field ratio was about 3 sharp-tails to every prairie 
chicken, but the ratio of these in pellets (including question-
able identifications) was 4 to 7. 
WILD DUCKS 
Wild duck remains in 64 (1.3 percent ) of the total pellets 
and stomachs reflect very seasonal and local pressure by the owls. 
Family study 15 (appendix (A)), late winter to May 21, 1931, 
fohows duck representations (almost entirely of mallard, Anas 
pZatyrhynchos) in 11 (17 percent) of 66 pellets-by far the 
highest incidence ob~erved in collections from the vicinity of 
lakes, marshes or streams in southern Wisconsin. Representa-
tions in 3 (4 percent) of 70 pellets of family study 24, about 
April 1 to 30, 1933, and in 4 (12 percent ) of 34 of family study 
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29, late winter to May 28, 1933, illustrate the heaviest pressure 
upon migrating ducks noted along central Iowa streams. . 
'1'he spring losses of ducks to horned owls were of course 
hravier in the well-populated waterfowl marshes of northwest 
Iowa. No duck remains were found in 27 pellets deposited from 
late spring to June 18, 1933, at Mud Lake, north of Ruthven 
(see family study 39, appendix (A)) nor in 15 spring pellets 
for 1934, but there were . duck representations in 8 (8 percent) 
of 105 pellets from family study 40, fall, 1934, to March 30, 
] 935 (chiefly spring), and in 3 (7 percent) of 43 pellets, March 
31 to May 16. Special phase study 16 (appendix (B) ) relates 
to another marsh; of 14 pellets, spring to May 3, 1934, 5 (36 
percent) contained duck remains."" 
The pellets of special phase study 1 (appendix (B)) were 
collected from the vicinity of Mud Lake and constitute the best 
evidence we have of hon';'ed owl predation upon ducks concen-
trated during the fall migration. There w!)re representations in 
9 (45 percent) of 20 pellets deposited between July 25 and early 
fall, 1933, and in 3 (13 percent) of 24 pellets, late fall, 1933, to 
Feb. 10, 1934. 
Bennett's (13) 5-year study of the blue-winged teal (Quer-
quedula discors) was carried on to a large extent in the area 
about Ruthven, including the area from which our horned owl 
pellet collections were made. Only slight indications of losses 
of nesting ducks to the owls were found except three representa-
tions of blue-winged teal (including 1 pellet with remains of both 
auult and young birds ) , 1 of mallard, and 1 of undetermined 
duck in 18 pellets of family study 39 (appendix (A)), June 19 
to .July 24, 1933. No duck remains were recorded from 28 pellets 
of family study 40, May 17 to July 15, 1935. 
LOWER VERTEBRATES 
One hundred sixteen (2.4 percent) of the pellets and stomachs 
contained remains of lower vertebrates, principally snakes, 
salamanders and frogs. Fish 26 remains were numerous only in 
prllets from scattered areas (special phase studies 17 and 18, ap-
pendix (B) ). 
Snakes and frogs seem to be preyed upon irregularly. The 
heaviest pressure upon salamanders is during the period of 
spring mating, but some are taken in the fall when large numbers 
are often seen on highways in some localities. The 42 pellets 
25 The apparently gceater total of duck representations to be seen in appendix data 
is due to the occurrence of more than ODe species in individual pellets. 
21} VIe know little of the horned owl's technique in capturing fishes but have some 
reason to think that in winter it gets them mainly from concentrations about open 
springs or holes in the ice at the edge of lakes or water courses. Victinl~ from such 
places are usually of small sizes, but fishes weighing a pound or more may some-
times be brought to nests. It may be that the owls scavenge upon fishes stranded, 
washed ashore or left by other animals. 
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of family study 35 (appendix (A», May 29 to July 12, 1934, 
had about the highest incidence of lower vertebrates that we 
have noted: representations in 12 (29 percent). 
INVERTEBRATES 
Remains of invertebrate animals-insects, with some spiders 
and erayfishes-were represented in 392 (8.1 percent ) of the 
pellets and stomachs. Of 933 individuals distinguished, the 
majority were of large-sized species available chiefly from May 
to JUly." Crayfishes were .taken mainly in spring in southern 
and central Iowa; the big wolf spiders, in late summer, western 
South Dakota. 
The question of whether insects occurring in horned owl diet 
are eaten directly by the owls or are simply stomach contents of 
other victims cannot always be answered. Insects that associated 
items or appearance show practically without doubt to be 0",:1 
prey" are usually rather conspicuous erawlers, carrion feeders, 
predators, etc., including searabaeids, lucanids, silphids, car a-
bids, Lepidoptera larva, belostomids and Orthoptera. Many 
of these are attracted to carcass fragments about feeding places, 
buth of free and of tethered owls. 
The amount of insect material found in pellets of tethered 
owls that may be prey they themselves manage to catch is also 
difficult to judge. Insect remains may be similarly represented 
in the pellets from adult owls and their tethered young (family 
study 15, appendix (A), April 25 to July 10, 1931) ; more in 
pellets of adults than of young (family study 4, April 26 to 
May 30, 1931 ); or more in pellets of young than of adults 
(family study 35, May 29 to July 12,1934). 
Nearly all pellets of some early and midsummer lots con-
tained insects: family studies 15 and 21, May 22 to July 10, 
1931, and :May 21 to June 25, 1932. Special phase study 2 
(appendix (B», which brought out extensive utilization of 
South Dakota wolf spiders in late summer, probably reflects 
both high availability of the spiders at this season 29 and the 
partial dependence of inexperienced young owls upon types of 
prey that are easy to catch, including invertebrates. Errington 
and Bennett (49), finding that the proportion of burrowing owl 
pellets containing remains of vertebrate prey was about the same 
as the proportion of adult to young owls to be seen in northwest 
Iowa in late August, 1933, write: "Hence, the temptation is to 
suspect that the adults were the owls taking the vertebrates, while 
27 800 family studies 1, 2, 4, 6, 7, 14, 15, 19, 21, 24, 29, 30, 35, 39, 40 and 41 of 
appondix (A) and special phase study 2, appendix (B). 
2S Examples: insect debris mixed only with that of non-insectivorous forms or 
exoskeleton pieces too large to have been swallowed by insectivorous animals repre-
sented in containing pellets. 
2i In other years. late summer feeding upon large spiders by avian and manunalian 
predators also has been noted in central and northwest Iowa. 
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the clumsy yonngsters, not being adept enough at this stage to 
catch their own mice and frogs aud not being able to live off the 
old ones any more, had to eat insects and similar slow small prey 
or nothing at all. A darting mouse may be unavailable to a young 
ow 1. but it doesn't require any great skill to pick up dung 
beetles." This seems to be of general applicability to the feed-
ing of many immature predatory birds and mammals when they 
are learning to hunt (43, 50, 51). 
Diets of the more typically insectivorous predators as the 
skunk (74) and sparrow hawk (17 ) follow closely the summer 
and fall periods of conspicuous availability of Orthoptera and 
eertain other common large insects. Predators having a wider 
range of hunting prowess, or at least somewhat different adapta-
tions for obtaining food, mayor may not respond to apparent 
changes in insect availability in this manner. During the 
drought spring of 1934, insect debris in t.he fecal passages of Iowa 
red foxes rose to about 10 percent by bulk from the 1.5 percent 
of the spring before (40), but a comparison of the data given 
under the horned owl family studies (appendix (A)) for those 
seasons reveals no changes in insect representations that may 
be considered significant. 
DISCUSSION 
Gause and co-workers (61, 62, 63, 64, 65) have studied com-
petition and predation in experimental cultures of microorgan-
isms to estahlish general principles of interactions. We cannot 
say how much the findings from such investigations of biological 
phenomena, reduced to relationships between few organisms in 
microcosms, may apply to situations fonnd in nature. However, 
MacLulich (89) concluded that the relaxation oscillations applied 
by Gause to animal popUlations also describe periodic fluctua-
tions of the snowshoe hare in Canada. In this instance, with 
ciisease substituted for predation in the reaction, the resulting 
concept is one of hares being reduced to low levels from previous 
peaks, whereupon the depressive organisms 30 tend to lose con-
tact with the victimized speeies enough to allow recovery of the 
lattflr before significant pressure is resumed." 
In Gause's (61) experiments with protozoa, the predatory 
Didirllittm nastdum devoured the unprotected prey, Paramecium. 
caudatwnt, anel then themselves died; likewise the predatory mite, 
Cheyletus eruditus, eliminated another mite, Aleur'oglyphus 
agil·is, hut with rapidity varying with the accessibility of the prey 
30 Periodic die-off of ~nowshoe hares evidently need not be due to infectious micro-
organisnls. according to the findings on "shock disease" of Green and Larson (67). 
31 Muir (98) comments on the diminishing contact of insect parasites ,vith hosts at 
10\'l host densities. Predation and parasitism. tQough often differing in a pronounced 
lnanner, nevertheless may have much in common, especially as concerns response 
to availability of prey or hosts. 
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in different environments (64). Feeding by Paramecium bur-
silria upon yeast (Saccharomyces exiguus) did not terminate in 
complete destruction of either; a certain threshold concentration 
of yeast cells sedimenting on the bottom of the container and 
elsewhere was not destroyed by the pr~dators; and the predators 
did not seriously decrease in concentration until the destruction 
of prey down to this threshold, which had in no way a fixed value 
but depended upon the concentration of the yeast (64). 
As Gause (63) points out, the complexity of populations of 
microorganisms on glass plates submerged in natural waters is 
intermediate between that of "highly complex field biocoenoses 
and extremely simple laboratory mixed populations" but afford,; 
opportunity to study elements of complexity in relatively simple 
form. The advantages of such procedure we recognize, despitE' 
our approach to the study of predation and population from the 
·o1.her direction. Many of the natural interactions that we have 
tried to appraise not only yield pertinent data with extreme 
slowness, but the data in hand also seem to be frequently beyond 
our ability to interpret. 
The data from our field research, admittedly beset by their full 
share of unknowns and unknowables but dealing with natural 
events, do not by their portrayal of intricacies disprove the 
existence of fundamental patterns. Rather, one may conceive 
of an underlying framework of basic reactions, which, however, 
lIlay seldom progress to their "ideal" termination under field 
conditions because of the multiplicity of interruptions, deflec-
tions and compensations so often attending biotic interrelation-
ships. In nature, reactions of given predator and prey species 
may indeE'd barely get started in predictable patterns before 
deviations occur-if contacts between these forms are made at 
aU- and other predators and other prey may release or involve 
the original participants. 
One thing that has impressed us in our field studies has been 
the apparent lack of rigidity in predatorl-prey relationships 
observed in north-central United States. The Darwinian (24) 
concept of sensitivity of organisms to variations in pressure 
by enemies seems to be borne out by our findings only to the 
extent that such pressure may have truly limiting influence-
which it may not necessarily have even when conspicuously heavy. 
Comparatively few of the innumerable changes associated with 
the interrelationships and ecology of the species we have been 
studying appear to be of decisive consequence; in other words, 
the inhel'ent limitations of animal populations and their resili-
ences may serve to nullify alike many of the seeming advantages 
and disadvantages to which fortune may subject them. 
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THE HORNED OWL AND THE COMPLEX 
OF VERTEBRATE PREDATION 
The horned owl's efficiency as a hunter and its general feed-
ing have been discussed (46), also its tendency to be lethargic 
when satisfied (32, 46). It appears, moreover, to be about as 
"unimaginatively" opportunistic as any of the predators with 
which we have worked and evidently takes its prey much in 
order of the ease with which such may be secured. Size limits 
of prey species that may be readily caught or handled (large 
insects toward the bottom of the scale and adult striped skunks, 
opossums, geese, turkeys, etc. toward the top ) should be borne 
ill mind when considering availability of prey animals to horned 
owls; so, obviously, should specific habits of prey animals and 
factors regularly or irregularly affecting their relative vulner-
ability or security. 
Horned owls mayor may not respond as expected to evidently 
increased availability of prey animals. The extremely high 
incidence of young muskrats in horned owl diet for family 
study 40 (appendix (A)), June 2 to July 15, 1935, which was 
associated with an observed dying and collapse of marsh cover, 
illustrates prompt response. Conversely, nothing that can be 
('alled a departure in feeding habits is shown by the data from a 
vVisconsin area at a season when meadow mice were present in 
cyclic peak densities in the hunting range of the owls; representa-
tiuns of meadow mouse and cottontail in 40 pellets were 4 or in 
] 0 percent and 37 or in 93 percent, respectively (special phase 
study 19, appendix (B)). 
Lack of responsiveness of horned owls to increased availability 
of a given prey species, however, may often be accompanied by 
decidedly greater response on the part of other predators. In 
cases investigated, it appears to us that responsiveness of horned 
owls and other predators to exceptional availability of species 
that were staple prey lor all had little mutual interdependence. 
Whether most or only a few predators responded, it did not in-
evitably follow that any particular species among the other preda-
tors either reacted likewise or differently. 
Table 11 was prepared from more or less comparable data on 
the feeding upon cottontails and mice by faxes and horned owls, 
chiefly in central and northwest Iowa. It may be seen that the 
representations of mouse remains in the fox feces fell from 65 
percent for t.he "normal" spring and summer of 1933 to 48 per-
cent for the drought seasons of 1934, whereas the representations 
of cottontail did not differ materially. Cottontail r epresenta-
tions differed even less in the horned owl pellets; but mouse 
representations rose from 29 percent to 48 percent for the drought 
spring and summer, and the average number of mouse individuals 
per horned owl pellet during the drought was 0.9, compared 
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TABLE 11. COMPARATIVE IMPORTANCE OF COTTONTAILS AND MICE IN THE DIETS. 
OF RED FOXES AND HORNED OWLS DURING "NORMAL" SEASONS AND DROUGHT. 
Percent of feces or Percent of feces or Average of individull 
Number pellets containing pellets containing mouse remains in 
Season Predator of fece,t cottontai l remainst mouse remains peilets§ 
or pellets 
Winter, 
1932-33 fox 29 83% 45% ("normal") owl 54 91 % 21% 0 .3 
Spring and 
Bummer, 1933 fox 1,175 43 % 65% 
(" normal") 'owl 328 '>9% 29% 0 .4 
Winter, 
1933-34 fox 50 52% 54 % ("normal") owl 431 62% 29% 0.7 
P,pring and 
summer, 1934 fox 935 39% 48% .... 
(drought) owl 197 61% 48% 0 .9 
* Chiefly in central and northwest Iowa, from whence come our most comparable data. 
t Stomach contents are included for convenience with fox fecal passages. 
t Only cottontail representations determined with reasonable certainty are given; if all representations 
of Leporidae were included, the remainS of unrecognized yeung jack rabbits would doubtless introduce con-
siderable error into the fox figures, though not much into the figures for the horned owl. 
§ Number of individuals of mouse prey could not be satisfactorily ascertained in tbe fox feces, so tbe right 
hand column pertains only to owl pellets. 
with 0.4 for the corresponding seasons of the year before". It 
may further be perceived from table 11 that the winter repre-
sentations of mice and average number of individuals in the 
horned owl pellets for 1933-34 had also increased decidedly since 
1932-33, which seems to make rather r emote the possibility that 
drought had much influence on the owl's utilization of this type 
of prey. 
As concerns variations in utilization of non-staple prey species 
by predators, the bob-white furnishes the best material we have 
for analytical treatment. Predation upon this bird may not 
typify relationships between predators and even non-staple prey, 
but at least it has been studied for many years (44, 53, 57, 113 ). 
'rhe conditions favoring severe horned owl predation on boh-
whites in north-central states were reviewed earlier in this writ-
ing and may be summed up largely in a few words: overpopula-
tion by the quail of their wintering environment. 
Recognized overpopulation has not always signified that large 
numbers of birds were occupying a given tract of land. It has 
simply moant that existing densities- whether few birds or many 
per unit of area-were in excess of the capacity for accommoda-
tion of the land, ail demonstrated by the upper limit of spring 
survival of birds wintering over a period of years sufficiently 
long to r educe the chief variablEs due to underpopulation, cli-
matic emergencies and human interference. The maximum num-
32 Marsh hawks near Ruthven , Iowa, also took a higher proportion of mice during the 
Summer of 1934 [10 (6 percent) of 158 recorded prey items] than they had the pre-
VlOUS summer [3 (1 percent) of 289 i tem s] (50). 
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ber of quail that an area in established north-central range may 
accommodate may be either raised or lowered through ecological 
succession, land use or environmental manipulation but tends to 
be a rather constant property of given land units 33 from year to 
year. Capacity for accommodation for bob-whites is not the 
same on all areas, nevertheless, and may be further influenced by 
pheasants or perhaps other cohabitants, including some that may 
not even be competitive except in the sense that their presence 
may cause the quail to avoid needed coverts (53) . 
As populations not beset by blizzard crises, starvation, etc., 
wintered within or below the carrying capacity of their habitats 
,"i1h comparative security from natural enemies of all kinds 
observed in the north-central region, so populations exceeding 
carrying capacity were in all known cases reduced approximately 
to that level by spring. Reduction of excess fall populations. 
when not accomplished by hunters (52), generally occurred 
through egress of the birds or through the medium of predation. 
Analysis of this predation has brought out the existence of 
highly interesting compensatory trends. It was discovered that, 
although horned owls actually did most of the killing of excess 
birds, decreased horned owl pressure was followed or attended 
by increased pressure from other enemies often differing greatly 
in prowess and' hunting tactics- the swift and formidable 
Cooper's hawks, the clumsy buteos, the marsh hawks, foxes, house 
cats, small and medium-sized owls and lesfler predators. Some-
times, insecure quail popUlations were relieved of horned owl at-
tacks through death or departure of the owls; at other times, the 
owls preyed upon something else to the virtual exclusion of the 
quail; but ill neither event did the birds escape for long the con-
sequences of their basic insecurity nor did this bear appreciable 
relation to changes in kinds and numbers of predators (53). 
A similar vulnerability is illustrated by the ruffed grouse data 
given in table 9. As low as the carrying capacity of the area at 
Prairie du Sac is for ruffed grouse, populations exceeding about 
20 birds on 5 square miles have been distinctly insecure. The 
heavy predation losses in 1931-32 and 1932-33 varied with what 
was evidently the degree of overpopulation, whether the pre-
dators responding were horned owls, gray foxes or possibly 
enemies to which losses were not specifically traced (42). 
In these instances relating to wintering bob-whites and ruffed 
grouse on agricultural lands in north-central United States, 
vulnerability to general predation seemed essentially restricted 
to population surpluses above thresholds of comparative security; 
but compensatory trends in predation rates by different kinds 
and densities of predators may often be apparent even when 
3d Units of lar~e size--several square miles in area-show definiteness of carrying 
capacity much better than do small acreages (53). 
\ 
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thresholds of security may not be recognized or, conceivably, may 
not bc operative with any definiteness 34. 
The possibility of something comparable to thresholds of secur-
ity existing for wintering ring-necked pheasants has been touch-
ed upon in this paper, but the scanty evidence at hand suggests 
that such thresholds. if they do exist for this bird and its hab-
itats. may be numerically less definite than those observed for 
1)orthern bob-whitE's on given areas. The concept has been grow-
ing on us of a cross-play of predation, variable in source but com-
pensatory in net effect, eliminating perhaps about the same pro-
portion of the pheasants resident on an area, winter after winter. 
']'his is in many ways similar to McAtee's (91) thesis, and we 
furthermore suspect that its application may be extended to 
other birds wintering in the region, notably to species tolerant 
of concentrations in favored habitats. 
Reproduction in the vertebrates we have studied is interlinked 
with behavior variables predisposing individuals to capture by 
enemies, and analysis of predation upon breeding adults is in-
"olved wth l'orresponding uncertainties. It has been postulated 
(44) that, sinrc one of the manifestations of overpopulation in 
wintering' bob-whites has been increased friction among the birds 
themselves, the intolerance and excitement of mating may have 
the same effect as overpopulation in increasing vulnerability. 
At any rate, the breeding season for the quail, and also for 
some other wild gallinaceous birds, may apparently be accom-
panied by predation more in proportion to actual population 
than during the cold weather months. Just what proportions of 
the prey population may be thus taken is not clear. In north-
west Iowa, slight mortality of breeding pheasants was traced to 
predation (72), yet the food habits data from contemporaneous 
local studies of predatory species showed a pronounced increase 
in utilization of these birds in spring and early summer, especial-
ly by horned owls (see table 10) and red foxes. Ratios of pheas-
ant carcasses of known sex found at fox dens were 98 cocks to 
201 hens (1 :2) EoI' 1933 and 184 cocks to 307 hens (1 :1.67) for 
1934, or close to the sex ratios of the general pheasant population 
for the respective seasons (41). 
Although the horned owl had little to do with the loss of eggs 
and immature young that we have recorded in our work on north-
('entral pheasants and quail, the data on this type of predation 
by other animals are so revealing of compensatory trends that 
they merit space in this discussion. 
For the northern bob-white, we have insufficient data on de-
tails of nesting losses and juvenile mortality to justify many con-
34 The authors do not at this time have further contributions to add to published 
di.cussions (53) of definiteness of carrying capacity for northern bob-white winter-
ing environment. 
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TABLE 12. RATES OF RECOVERY OF RUFFED GROUSE POPULATIONS ON AN AREA OF 
2,30.4 ACRF.S TN NEW YORK, ACCORDING TO EDMINSTER (25).* 
Spring (April) September Ra.te or recovery 
Year breeding population population from breeding level 
1930. . .. 63 140. 122 % 
1931. .. 130. 272 10.9 % 
1932 .. . . . . . . . . . . . . . . 199 437 120. % 
1933t .. 250. 295 18 % 
l B34 .. 185 417 125 % 
1935 ... 241 287 19 % 
1931\ .. 155 285 84 % 
1937 .. .......... . ... 110. 248 125 % 
* Tabular errors for 1936-.~7 in original publication were corrected upon advice of Edminster (letter to 
Errin~ton, Jan. 18, 1939) . 
t "1933 figures c.lculated from sample d.t .... (25, T.ble 1). 
elusions, but the summer recovery rates of populations on south-
('rn 'Wisconsin study areas have proved very suggestive. It may 
he seen from published data (36, 53, 54) that the rates of re-
~overy from breeding stock have been in inverse proportion to the 
denRities of the adult birds. Survival of young following a curve 
having points as mathematically predictable as those shown by 
the Prairie du Sac records (53, 54), irrespective of decided 
changes in status of predator populations over the years, could 
hardly indicate any important predation upon immature bob-
whites that wasn't compensatory as well as more or less prede-
termined by intraspecific and environmental mechanics". 
The 2,304-3cre Connecticut Hill area of the New York ruffed 
grouse investigations has yielded data having more complex re-
covery trends. Table 12 reproduces Edminster's (25) recent 
figures on rates of increase by fall from the spring breeding 
densities. If the recovery percentages be plotted on the ordinate 
and the breeding densities on the abscissa, what appear to be two 
curves may be seen, one for the years 1932 to 1935 and the other 
for 1930, 1931, 1936 and 1937. The falling of points for the mid-
dle years in a different curve from the points of the end years 
has occasioned the following comment from Edminster (letter 
to Errington, Jan. 18, 1939): "This relationship of productivity 
to the cyclic phase does appear to have some significance. Just 
how significant it is, I confess I am not certain." Aside from the 
possible bearing upon recovery rates of unknown cyclic factors, 
Edminster's data lead him to conclude his section on actual pro-
ductivity with the words (25): "Thus, definite substance sup-
ports the contention that as populations approach the range 
s:i The reader should be cautious about drawing overbroad conclusions from these find-
ings, which mayor may not hold at other times, in other parts of the country or for 
other t-pecies. Cases in point are afforded by increased productivity of certain game 
bird populations following artificial reduction of the most serious enemies of their 
young (including eggs)-<>specially in the South and in the West (78, 81, 113). 
• 
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carrying capacity, their productivity declines." " 
There is some evidence that survival of pheasant young in 
northwest Iowa may also be influenced by densities of adult birds 
already present (54). The seasonal shrinkage of broods from 
causes including predation progressed, however, at about the 
same ayerage rate according to age classes, not only in northwest 
Iowa as a whole during the summers of 1933 and 1934 31, but 
also in localities in which the densities of known enemies of 
pheasant young varied from abundance to virtual absence. Fo]' 
example, marsh hawks on one area. preyed rather severely upon 
young pheasants, but the average decline in size of the pheasant 
broods at that place was no more rapid than the derline of brood!:l 
on an area a few miles distant where marsh hawks were seldom 
seen. 
The Iowa researches on the blue-winged teal (13, 48) and the 
muskrat (47 and unpublished ) have brought out some as yet im-
perfectly evaluated predator-prey interactions that seem at least 
partially of compensatory nature; the waterfowl studies of Kalm-
bach (80, 81) in North Dakota, Saskatchewan and Alberta and of 
Purniss (60) in Saskatchewan are likewise very suggestive. 
Incidental observations on general predation strengthen the con-
cept of many prey species being, at given densities and in par-
ticular situations, vulnerable to a certain amount of predation, 
whether through the agency of one exceptionally efficient or 
abundant enemy or a combination of lesser ones. 
l'he mind-picture that we have of vertebrate predation in the 
rich farming communities of Iowa and southern Wisconsin takes 
the following broad outlines: A supply of staple prey animals so 
hountiful that even after cyclic declines some species may be 
preyed upon by their usual enemies in much the same proportions 
as before; non-staple prey species that suffer severe predation 
chiefly as their vulnerability may be accentuated by overpopula-
tion, environmental evictions, climatic emergencies or disadvan-
tages of other sorts; a predator population that may often be' 
about up to the limits of density that many of the component 
&pecies will themselves tolerate in their respective habitats", but 
" McAtee's (9 .!) discussions of self-regulation of popUlations have pertinent bearing 
upon this phe nomenon. Very low populations of organisms, however, are not optimum 
for reproduction, and, indeed, in some gregarious forms. 'breeding is facilitated by 
high numerical densities (1, 2, 23). 
3T These are the only seasons for which we have comparable data on pheasant brood 
loss,," (54). 
3·'i Migratory or immature predators may fluctuate considerably in numbers from year 
to year. Breeding densities of such species as the horned owl appear to remain rather 
constar .. t for given areas over long periods of time--close to one pair per 2 square 
miles both in the vicinity of Prairie du Sac, Wis. (5 square miles, 1929-38), and 
Ames . Iowa (8 square miles. 1932-38). Breeding densities of redtailed hawks near 
Prairie du Sac have been about the same as those of the horned owl; and these two 
species seemed to occupy the greater part of the nesting territory available for large 
raptorial birds. Excessive campaigning by man may, of course, keep territories under-
populated or even devoid of certain predators. 
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still a population essentially far below the limit of its easily ac-
eessible food." 
The greatest di.fference in this picture and those that may be 
drawTI from some other parts of the continent seems to lie in the 
continued availability of staule prey or "buffer" species. Stod-
dard (113) and Komarek (85) have described the building up of 
populations of certain southeastern predatory mammals during 
asrendencies of their prey, cotton rats (Sigmodon hispidus ) , 
and the r esulting increase of uressure upon bob-whites after de-
cline of the rodents. MacLulich (89) has recently r eviewed the 
f'xtem;i.ve literature on dependence of lynx (Lynx canadensis) 
and other predators upon the snowshoe hare in the northern wild-
erness and the starvation that follows periodic die-off of the 
hares. In the north-C'entral states areas under observation, few 
of the predators we have studied ever appeared primarily de-
pendent on anyone staple prey species for food at any critical 
time; such deelines of staple prey animals as were observed ac-
cOl:dingly did little to upset general predator-prey equilibria ex·· 
cept occasionally (not always) to cause predators to turn to other 
staple species that were themselves well able to bear greatly in-
creased pressure.'· 
Except for Asio" o'wls and like forms having more inflexible 
hunting tendencies or specialized adaptations, north-central win-
ter-active predators seem to have little trouble in shifting from 
one major mouse species to another or from mice to cottontails or 
from usual main staple foods to the various non-staples that for 
one reason or another may rise in prominence. During warm-
weather months, there is the same ready utilization of rabbits 
and mice and temporary shifting to an even greater variety of 
non-staple prey, including ground squirrels, crayfish, May beetles 
(Phylloph(J)ga spp.), grasshoppers (Melanoplus spp.) and per-
haps other animals that may, in addition, constitute staple sea-
sonal food for some of the predator species resident. 
3. McAtee (Q4), amon g others, points out that few animal populations are limited by 
their food supply in nature, and we cannot see--making due allowance for apparent 
exoeptions--that this holds any less true for most populations of predators in the 
north-cen tral region. 
40 "\Vhile the observed severity of predator pressure upon southeastern bob-whites was 
at least in part due to high densities of specific predators, Stoddard feels that many 
of the principal quail enemies there may be--even in times of abundance--numerically 
fewer than they normally are in norlh-central areas as the one near Prairie du Sac. 
wi th which he has long been familiar. The resulting picture has its imperfections, 
but it appc·ars to suggest that lower predator densities in the southeast may in effect 
exert more severe pressure upon resident bob-white populations than may equivalent 
or higher predator densities in the north. The most noteworthy case in point is pro-
v id€d by the gray fox, which even at patently destructive densities in the southeast 
seldom approaches in numbers the Prairie du Sac winter average [according to the 
best figl~l:eS in hand when the manuscript was prepared, 4.6 per square mile from 
1930-31 to 1936-37]." (57) 
41 There is an apparent connection between densities of these owls and populations of 
the mice upon which they prey. but much of the evidence we have for this region is 
ob"cure if not conflicting. Chitty (19) cites an interesting example of short-eared 
owl decl ine on the Scottish Border following epidemic disease in voles (Microtus 
agro tis) in 1934. 
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Making allowance as well as we can for variables and narrow-
ing down our attention to what seem to be the broader aspects 
of our regional picture, we see a pattern of continuity and com-
pensation that looks in many ways peculiarly reminiscent of 
ivlcAtee's (91) much-attacked thesis that predation collectively 
tends to be in proportion to population, later restated (92) to 
the effect that the proportion, however, rises and falls progres-
sively with increase or decrease in numbers of the available food 
organisms. 
Losses from predators of some species living in strong environ-
Jllent may be negligible, though their own and predator densities 
Illay be high; or losses of the same or other species in weak en-
yironment, or when over-crowding strong environment, may 
repl'esent a clean sweep of populations or parts of populations ; 
01', at times, densities of prey, as rodents and insects, may reach 
such peaks that predators can consume or kill but a very minor 
proportion of them under conditions most favoring predation; 
still other species may be conspicuously vulnerable only tv few, 
or to particular, enemies. Even so, between the extremes and 
the exceptions, it would be hazardous to say that the majority of 
prey species treated with in this paper do not at most times 
suffer collective predation much as their relative abundance 
might lead one to expect. At any rate, it is apparent that relief 
from specific predators is not necessarily synonymous with that. 
much net relief from predation as long as basic population in-
securities continue unchanged. Given a prey species vulnerable 
because of over-population or eviction or for similar reason, the 
accelerated response of some predators may often compensate for 
lack of predation by others. 
The horned owl is a redoubtable, if not a dominant, predator 
within the confines of it.s habitat in Iowa and southern Wisconsin. 
There it seldom lacks alternat.ives as concerns staple food, of 
which there is commonly a far greater abundance than it or as-
sociated predators can utilize. Within limits imposed by its own 
adaptations and behavior, it takes non-staple prey largely as cir. 
eumstances permit or as these may exceed in availability the 
staple prey animals. Exceptional availability of non-staple prey 
may be superimposed upon the "normal" availabilit.y of the 
staple, and, if the horned owl doesn't happen to respond, the 
chances are st.rong that some other predator, or predators, will. 
INPLUENCE OF HORNED OWL PREDATION UPON POPULATION 
LEVELS OF PREY ANIMALS 
One of the causes of the disputes often elicited by the mere 
mention of predation is confusion of the fact that predators 
prey upon certain animals with effect t.hat such predation' may 
have on numbers of the prey. The fact of predation may usually 
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be ascertained with relative ease through field or laboratory 
studies; evaluation of effect of predation upon population is 
another matter and one just beginning to receive a small measure 
of the attention that is its due. 
It may then be appropriate to inquire, as critically as our 
knowledge may justify, into the influence of predation by 
horned owls and other predators upon populations of the prey 
groups with which we have dealt in this bulletin. 
The infrequency with which predators or parasites completely 
rlestroy their respective prey or host species should not need 
emphasizing, in view of the obviously continued existence of pre-
dators and parasites along with the exploited species 42 over vast 
periods of time. In late years, there has seemed to be, moreover, 
a gradual turning away of biological thought from the idea that 
predation, or parasitism, has a primary regulating effect on 
general abundance of animals or, at any rate, an effect commen-
surate with that of climate, specific habitat requirements and 
~utomatic adjustments on the part of the prey, or the hosts, 
themselves. This is illustrated by McAtee's (90, 91) quotatiom 
from the literature pertaining to natural checks upon insects; 
by Ileopold's (87) discussions of properties of game populations; 
and, exceptions and modifications notwithstanding, by the 
writings of an increasing number of other workers on related 
topics. 
Muir (98), in writing of the critical point of parasitism in 
insects, states that this comes when the parasite can exist but 
can produce no further effect upon the host population and 
that, fundamentally, the critical point is due to the psychology, 
physiology and morphology of an insect but is modified by 
physical and biological environments; diiferences and interac-
tions of these factors cause the differences between the critical 
points of parasitism of different insects. If we might apply the 
term" critical point" in somewhat the above sense to predation, 
it would seem that the densities of the majority of predator 
species we have studied seldom rose far above it in the north-
central region even when their own increase was checked mainly 
by intraspecific mechanisms. 
Rodent, rabbit and insect popUlations, at peak abundances over 
large ar eas, appear to be far beyond the control of any vertebrate 
enemies that may, within reason, prey upon them. During 
mouse plagues, grasshopper outbreaks, etc., virtually all con-
4:: Some of the most drastic effects of predation or parasitism on record have 
resulted from introduction of alien forms' or have been otherwise associated with 
human activities. One should be especially careful not to impute primarily to pre-
dation differences in t.he status of prey species following pronounced environmental 
changes. Sumner·s (115) description of deterioration of California Quail (Lophortyx 
c alifo r nica) habitat is pertinent. and the history of the rise and decline of prairie 
chickens on the- north-central prairies (87) furnishes a good example of human in .. 
fluence at fil'st favorable to a w ild species. then adverse. 
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ceivable enemies may take toll without visibly affecting popula-
tion densities, except perhaps where predators may concentratf: 
on a local scale (110); and periodic rises of "cyclic" animals 
that are in turn staple fGods for many important predators an: 
of widespread occurrence in northern lands. Parasitism," as it 
is more likely to bring about collapse of top-heavy host popula-
lations, is not so comparable with predation in this respect. 
It seems true from the writings of Tinbergen (117), Criddle 
(21), and others that predation, to have anything approaching a 
governing effect en northern mouse or rabbit populations, must 
occur at times when the latter are at low to moderate densities. 
'Whether or not this holds for the north-central states, we can-
not judge from the inadequate and involved data at our dis-
posal. The extreme consequences of predation on mammals re-
ported by Williams (118) in northeastern Ohio were linked with 
a drought emergency and perhaps also reflect predator-prey 
I'elations basically different from those with which we have 
worked. 
In Iowa and southern Wisconsin, for all of the tremendous 
numbers of small and medium-sized mammals eaten as staple 
food by predators, we are not convinced that such utilizatIon 
actually serves to keep populations significantly lower than 
they otherwise would have been. Lest this remark appear over-
skeptical, we may say that unpublished data on the muskrat-
related to the meadow mouse although treated in this paper as 
a nonstaple" prey species-indicate not only that losses from in-
traspeci.fic strife under given conditions may largely compen-
sate for decreased predator pressure but also that unusually 
severe losses of young animals, as through disease or attacks of 
minks, may be followed by prolongation of breeding by adults to 
an at least partially compensatory extent. 
The one area on which we have conducted year-to-year horned 
owl studies and on which legal or illegal hunting by man has not 
introduced a variable into the cottontail equation is the Des 
.Moines 'N aterworks supply grounds at Des Moines, Iowa-a 
police-patrolled wildlife sanctuary of over 1,500 acres where 
wildlife management consisted of protection from human poach-
ers and preserving an adequate bahmce of food and cover. The 
c0ttontail population of a sample under regular observation in 
connection with winter quail studies, 1932-39, maintained 
moderate to high densities '\vith remarkable uniformity; seldom 
would one spend 2 hours on foot on the place without seeing 
from 6 to 10 cottontails, which may be compared with flushing 
rates given by Leopold and Anderson (88) for Wisconsin. Native 
43 Including parasitism by plants and organisms of uncertain systematic position. 
"It may, however J at certain times and in certain situations, be preyed upon by 
some predators as a staple (46, 47). 
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predatory mammals were not abundant, but rabbit-hunting dogs 
'were; and hawks and owls were generally about as numerous as 
anywhere noted in central Iowa, though not necessarily more 
so. Cottontail representations were fo.und in 20 (69 percent) 
of 29 horned owl pellets collected, fall to spring, 1932-35 (special 
phase study 20, appendix (13)). 
,Ve must admit that, likewise, we know very little about the 
effects of horned owl predation upon the majority of mammal 
species taken as nonstaple pr·ey. One would not expect the 
capture of diurnal sciurids to be of much consequence from the 
standpoint of populations, but the situation possibly may be the 
reverse as concerns flying squirrels. In two of the three in-
stances of severe horned owl pressure upon muskrats given in 
this paper, the animals were living in precarious circumstances 
and even in the absence of the owls would probably have suffer-
ed heavy losses from other causes. 
H eavy though horned and other owl pressure upon field-
living Norway rats may be (35, 37), it often occurs most con-
spicuously in localities where one might logically question, any-
way, the ability of the rats to winter away from buildings, dumps 
and the like. That there would be more rats were it not for the 
ow Is is not necessarily assured. 
Although.predation upon Mustela spp. does seem so intense in 
proportion to numbers that we suspect it may have a consider-
able depressive effect, this, too, may be easy to overestimate. 
Soper's (111) trapping experiences in western Canada during 
the winters of 1912-14, when weasels (mostly short-tailed) were 
very common, indicate populations of about 10 per square mile; 
the reported yield of about 200 minks of a 12-square mile lake and 
marsh area in South Dakota during a winter of abundance, 
1921-22, (45) may suggest somewhat greater densities, as may 
also unpublished data from marshlands in the vicinity of Ruth-
ven, Iowa. Minks suffer losses from general predation, but we 
have found carcasses of many minks killed by others of their 
kind. The role of intraspecific strife must then be considered 
along with predation and human exploitation or persecution 
before we may feel entitled to say much of what determines mink 
population levels for given habitats; and, if intolerance proves 
tl) be the ultimate check on mink numbers above certain densi-
ties, it may conceivably so function for the terrestrial weasels. 
Since the publication of Howard's (79) book on territorial 
reactions of nesting birds, a tremendous amount of work has 
been done on this subject that has contributed to a clearer under-
!-<tanding of avian populations (100) . Whether territorialism 
may be restricted to the breeding season or continued through-
out the year as in the case of the wren-tit (28), it tends toward 
the stabilization of population densities especially of passerine 
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birds and those of comparable habits. There is, in short, room 
for only about so may breeding territories in the environmental 
niches available to different species of common "song bird" 
types; and these territories are often pretty well filled to cap-
acity and so compressible only to a minor degree. Interspecific 
competition and intolerance may sometimes favor or handi-
cap one species or another; but intraspecific manifestations seem 
more general and evident. 
Nicholson (103) has compared the system of balance in terri-
tory-holding populations with that of water in an overflowing 
reservoir, surplus individuals being harried or forced int.o un-
suitable environments to the extent that their chances of sur-
viving or of reproducing are greatly reduced. As concerns 
most passerine and related birds, we feel that the statements made 
hy Erickson (28) for the wren-tit hold true: "Whether or not 
Jiossession of a territory is essential to the success of the indi-
vidual life, it is unquestionably essential to reproduction. The 
ultimate competition is for space." 
vVe are aware of no more detailed study of predation on 
passerine birds by owls than that made by Allen (3) in 1922 on 
I:l bird sanctuary at Ithaca, New York. He kept adult-attended 
young screech owls caged at the nest site, and the feeding of these 
was observed for 45 days, during which time 77 small birds of 
18 species were brought to the young. Contemporaneous studies 
of the local bird population provided the basis for the following 
conclusions: 
"When both of a pair of birds were killed in the same night 
... that pair ceased to be represented in the sanctuary, but if 
only one 'were taken, the survivor secured a new mate almost im-
mediately so that the destructiveness of the owls was in this way 
covered up. 
"Birds are able to secure new mates rapidly because of the 
unmated immature birds which are usually available on account 
of their later migration period and the later maturation of their 
reproductive organs." 
'rhe local nesting popUlations of birds over a period of 7 
years were given: 1917, 34 pairs, 18 species; 1918, 34 pairs, 22 
species; 1919, 27 pairs, 16 species; 1920, 38 pairs, 19 species; 
1921, 45 pairs, 15 species; the year of the observed heavy owl 
pressure, 1922, 42 pairs, 17 species; the year following the owl 
losses, 1923, 44 pairs, 18 species. Allen remarks that the total 
bird population of the area under consideration was not 
materially affected by the inroads of the owls but goes on to 
state that he did not wish to minimize the destructiveness of the 
latter. "It may well be that had it not been for the owls there 
would have been a very substantial increase in the bird popula-
tion." (3). 
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Variability of nesting success and survival both of adults and 
young is revealed by all comprehensive life history studies of 
passerine birds that have come to our attention. Differences in 
population densities that may result from this variation in pro-
ductivity seem mainly evident in the post-breeding months of 
the year unless following wholesale mortality from some un-
usual cause or cataclysmic change in environment. With the 
return of the breeding season such temporary gains or losses, 
within limits, may be cancelled out before reproduction begins, 
and we are reminded of the ,yords of Erickson (28) : "Even when 
an exceptionally large number of individuals are produced or 
survive to their first hreeding season, the number that find places 
to breed will not be greatly increased. The potential geometric 
rate of increase is damped before it has a chance to get under 
way." 
The large size and the increase (106) in numbers of the crow 
in recent years may cause one to wonder how much it may con-
stitute something of a special case among passerine birds, but 
the literature does not seem to be as enlightening as one might 
wish. Of interest are the findings of Roebuck (107 ) on rook (a 
related but colnny-nesting species, 001'VUS fn~g{lerJtts ) densities 
in England. A survey of rookeries on 5,305 square miles in 
1928-30 gave average breeding densities of 1 bird per 27.4 acres; 
a second survey, 4 years later, showed little substantial change 
either in numbers or in distribution. 
Among the north-central birds exhibiting breeding territorial-
ism after the manner of passerine forms, the small and medium-
sized owls are very nearly the only ones suffering predation 
from horned owls severe enough to look significant. Granted 
that it is logical to expect the smaller night-hunting owls to be 
peculiarly exposed to horned owls, the possibility should not be 
lost sight of that they may, in actuality, be preyed upon no more 
heavily in proportion to their local densities than may many 
diurnal birds. Most of the owls taken are screech owls, which 
seem to hold up well not only under the horned owl pressure 
but also in the faee of conspicuous mortality from motor traffic. 
Then too, insofar as the screech owl losses traced to barred owls 
(31) and marsh hawks (50) occurred in areas not known to 
have been hunted over by horned owls at the time, much pre-
dation on the screech owl may be compensatory in trend. 
Evaluation of the significance of predation losses suffered 
by migratory birds on their flyways or wintering grounds from 
existing data is practically hopeless. This is broadly true for 
the whole semiannual migration, game or nongame, warblers to 
waterfowl. What we may eventually expect to learn about the 
subject may be limited; but when, or if, we ever have reason-
ably accurate population figures to compare with loss rates from 
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:lreas showing different intensities of predatory attack, we should 
be in a better position to make preliminary calculations. After 
that, if predation losses prove to do much more than take the 
place of "natural" losses of the sort to occur anyway, it will 
be in order to consider the problem of what actual effect the 
greater mortality may have on productivity or maintenance of 
populations. 
The distinction between severe losses from predation and 
apparent net influence of such losses upon population levels 
maintained by the bob-white in Iowa and southern ·Wisconsin 
has already been discussed in this bulletin and elsewhere (44, 
53) . Under conditions studied, even the heavy winter depre-
datiom upon this species by the horned owl-centered as they 
were upon birds essentially doomed because of insecurity of 
position-simply didn't seem to count. That these relation-
ships may differ in other parts of the country has previously 
received mention. 
On the other hand, the severity of predator pressure upon 
the ring-necked pheasant may very possibly signify material 
lowering of populations below levels that otherwise would have 
been maintained. It has been thought that the pheasant, being 
alien to this continent, might not be as well adjusted as native 
species to our predators. Instances of heaviest" pressure from 
both horned owls and red foxes, however, were recorded from 
localities in Kossuth and Palo Alto Counties, northwest Iowa, 
well known to sportsmen for excellence of pheasant hunting. 
Predator pressure upon the Hungarian partridge may be 
locally heavy, but our data are too limited and involved to per-
mit much of an analysis. Yeatter's (119) study in the Lake 
States does not reveal losses from predation more striking than 
those recorded from studies of native gallinaceous birds. Em-
phasis UTJon "vermin" control in partridge management in 
(i-reat Britain is traditional, but pertinent data and statements 
clearly having scientific standing are not so easy to find in the 
literature. , Ve feel that Middleton and Chitty (97) have made 
one of the most accurate appraisals: 
"In naturally favorable environments 'vermin' destruction 
and protection have allowed the partridge population to reach 
very high densities at certain times, but there is a limit to the 
earrying capacity of any area beyond which the popUlation can-
not be forced without changing one or more of the first three 
factors meutioncd above [( 1 ) food, (2) nesting cover, (3) sum-
mer cover and shelter for the very young birds]. The density 
limit is undoubtedly controlled, not by one of these factors alone 
but by the correct balance between them." 
Horned owl predation may perhaps have some effect on local 
snake densities, but it is unlikely that population levels of other 
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lower vertebrates and of invertebrates are appreciably influenced 
thereby. 
Before concluding this section, let us take up briefly a con-
spicuous, special type or predation-that upon animals artifically 
concentrated, as about poultry-raising or game-breeding estab-
lishments. Such" unnatural" densities may be highly attrac-
tive to predators in the neighborhood, and losses may also occur 
through species ordinarily non predacious in habits. Tales of 
weasel depredations in hen houses may grow into legends over 
the years, but in the literature are records of 160 chickens killed 
in a farmyard by a raiding fox family in two mornings (39), 28 
quail in a propagating pen by a house cat in one night (113 ), 
and many other accounts of mass killings under like circum-
stances. Horned owls gravitate along with other flesh-eaters 
to such rich hunting grou Cis and avail themselves naturally 
and capably of the opportunities presented. 
The population aspects of this sort of predation are, as usual, 
beclouded by unknowns. Although astonishing numbers of drift-
ing predators may be shot or trapped on the premises of game 
breeders, Grange and McAtee (66) observe that "The yearly 
toll taken by predators on many game farms is almost constant, 
indicating that no real progress has been made even where 
wholesale control is attl'mptfld." The continued maintenance 
of exceedingly vulnerable populations on these places is, of 
course, evidence that some compensatory loss trends have been 
partially overcome by artificial means. A thorough and objec-
tive study of predation on game farms, with observational tech-
niques supplemented by planned experimentation, would no 
doubt yield data on questions concerning which our knowledge 
is only fragmentary, at present. 
THE QUESTION OF ECONOMIC STATUS m' THE HORNED 
OWL IN NOR'l'H-CENTRAL UNITED STATES 
Except for Norway rats, mice and insects, the greatflr part of 
the horned owl's regular diet in northccentral states consists of 
~pecies legally designated as game or protected nongame. Of 
forms taken from time to time, pocket gophers, weasels, moles, 
g-rackles and blackbirds, jays and crows, owls, snakes, salamand-
ers, and frogs are creatures man mayor may not-usually not-
care for. Rabbits, the main staple food for the horned owl, may 
be regarded by the public either as pests or prized game animals. 
The "song bird " group enjoys rather general popularity, un-
less special interests as fruit growing, etc., are affected; this 
also may be said of waterfowl and upland game birds. Some 
of the loss relates to personal property-poultry or privately 
owned game birds in pens. 
We shall not attempt to discuss comprehensively the values-
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positive or negative-man may place upon the various items 
oaten by horned owls nor the criteria upon which such values 
may be based. Not only do we feel that consideration of these 
involved subjects would take us too far from what has been our 
field of inquiry, but we are 'also convinced that accurate apprais· 
als of predation from either biological or economic standpoints 
must await better insight into the functioning of natural mech-
anisms than we as yet have. 
In view of the loaseness of predator-prey relationships and 
the patently incidental or secondary nature of common types of 
IH'edation observed in the north-central region, it should not be 
taken for granted that destruction of prey by predators neces-
sarily has significant influence on population densities main-
tained by the prey, even when losses may be heavy in propor-
tion to numbers. We may, indeed, ask what, if any, of the prey 
species would have been, on the whole, more abundant, had it 
not been for the animals killed by the horned owls-or by any 
specific wild predator ~ 
It seems probable that certain farmers would have raised 
more poultry but not the full equivalent · of the birds lost to 
the owls. Perhaps there would have been more rabbits for hunt-
ers to shoot, to die of tnlaremia or simply to live at higher den-
sities; perhaps, somewhat greater populations of flying squirrels, 
weasels and screech owls; maybe, more coots and pheasants, to 
the approval of some people and the disapproval of others. Con-
ceivably, there may have been other differences in the biotic pic-
ture of which the imperfections of our knowledge permit neither 
recognition nor analysis. 
The rights of farmers, poultrymen and game breeders to pro-
tect their interests from horned owls 45 are recognized, and there 
is no doubt that the owls may otherwise be subjected to intelli-
gent control. With its extensive wilderness and backwoods range, 
the species is possibly as secure as any wild creature on the con-
tinent-although in the East it appears to be held at quite low 
levels, presumably because of human persecution, and, for all of 
its general abundance, organized campaigning may keep it prac-
tically cleaned out of some localities. 
The animosity of the pUblic-especially hunters-toward the 
horned owl, however, seems needlessly extreme. Sporting fac-
tions, too, have rights and grievances, but flat claims that they 
must choose between game and "vermin" (i. e. natural enemies 
or competitors of game, collectively) are hardly entitled to ac-
ceptance without question or reservation. Judged by the bare 
details of what it may eat, the horned owl may logically be 
<is Improved housing faciJities. covered pens, etc., for poultry or propagated game 
may often give more efficacious protection than direct action against predatory 
species. See McAtee (93) for practical suggestions. 
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classed with the" worst" of so-called vermin (or, for that matter, 
as a species expressly to be encouraged for the sake of agri-
culture) ; but understanding of the interactions of predators and 
prey is not so easily gained. Still less readily may the effects 
of predation upon prey populations be evaluated without knowl-
edge of densities, social behavior and habitats of the prey and of 
degrees of compensation that may exist in loss and recovery 
trends. 
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APPENDIX 
(A) FAMILY STUDIES 
FAMILY STUDY I-Verona, Wis. 
Winter, 1929-30, through March. 
Representations in 39 pellets from ADULT OWLS : cottontail, 9; Norway 
rat, 10 ; house mouse, 1 ; meadow mouse, 25 (42 individuals); deer mOUEe, 
27 (110 individuals); short·t ailed shrew, 3; fringillid, 1; probable crow, 
1 ; large bird, 1. 
April 5 to 27, 1930. 
Nonpellet food items: cottoutail, 5; Norway rat, 2; meadowlark, 1 ; crow, 
2; long· eared owl, 1; domestic pigeon, 2; domestic chicken, 2. 
RepTe~entations in 12 pellets from ADULT OWLS: cottontail (including 1 
pellet with remains of young), 7; NOl'way rat, 3; meadow mouse, 4 ; deer 
mouse,7 (18 individuals); mouse,2 (3 individuals); rodent, 1; crow, 2; 
domestic pigeon, 1; large bird, possibly domestic chicken, 1 ; salamander, 1-
Representations in 15 pellets from YOUNG OWLS: cottontail, 11; Nor-
way rat, 2; meadow mouse, 3; deer mouse, 2; crow, 2. 
April 28 to May 15, 1930. 
Nonpellet food items: cottontail, 2; Norway rat, 1 ; crow, 1; bluejay, 1. 
Representations in 1 pellet from ADULT OvVL: mouse and domestic 
chicken. 
Representations in 21 pellets from YOUNG OWLS: cottontail, 11 ; house 
mouse, 1 (2 individuals) ; meadow mouse, 2; deer mouse, 9 (18 individuals) ; 
mouse, 4 ; small rodent, 1 ; insectivore, 1 ; mammal, 2; crow, 1 ; bluejay, 1; 
passerine bird, 1 ; king rail, 1; young domestic chicken, 1 ; bird, 6 ; snake, 
4; vertebrate, 1 ; insect, il (12 individuals: 3 Onthophagus, 1 Aphodius, 
1 Trox, 3 Calosoma, 1. carabid, 1 GTyllus (f), 2 acridians). 
FAMILY STUDY 2-Verona, Wis. 
Late Wintt r, 1930-31, through March. 
Representations in 21 pellets from ADULT OWLS: cottontail, 16; Nor-
way rat, 3; meadow mouse, 7; deer mouse, 11 (32 individuals); domestic 
pigeon, 1. 
April 1 to 25, 1931. 
Nonpellet food items: cottontail, parts of many cal'casses; grackle, 1; 
pied-billed grebe, 1. 
I{epresentations in 8 pellets from ADULT OWLS: cottontail, 3; Norway 
rat, 1; meadow mouse, 1 (2 individuals); deer mouse, 6 (31 individuals). 
April 26 to May 21, 1931. 
Nonpellet food items: cuttontail (including 2 young), 4; NOl'Way rat, 2; 
rail, 1. 
Representations in 27 pellets from ADULT OWLS: cottontail (in· 
cluding 10 pellets with remains of young), 21; Norway rat, 4; meadow 
manse, 4; deer mouse, 14 (49 individuals); short-tailed shrew, 1; yellow 
mil (Cotnrnicops noveboracensis) , 1; small bird, 1; insect, 4 (at least 10 
individuals, including 2 Phyllophaga) . 
Representations in 2 pellets from YOUNG OWLS: cottontail, 1; Norway 
rat, 2. 
May 22 to June 25, 1931. 
Representations in 15 pellets from YOUNG OWLS: cottontail (including 
2 pellets with remains of young), 7 ; Norway rat, 4; house mouse, 1; meadow 
mouse, 1; deer mouse, 1; cricetine rodent, 2; domestic chicken (including 3 
pellets with remains of young), 4; small snake, probably Natrix sipeodon, 1; 
salamander, 1; insect, 6 (16 individuals: 1 Camponotus, 2 Phyllophaga 
3 Geotn£pes, 2 Aphodius, 3 Necrophoms, 3 Calosoma, 2 Lepidoptera larvae). 
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June 26 to August 5, 1931. 
Representations in 24 pellet~ from YOUNG OWLS : cottontail (including 
2 pellets with remains of young), 9; Norway rat, 2; meadow mouse, 2; 
deer mouse, 1; mouse, 1; weasel (M7bStela t1'enata noveborace11lis or M. 
cicogna,nii) , 1; domestic chicken (including 13 pellets with remaius of ] 5 
young individuals), 15; frog, 1; insect, 10 (19 individuals: 1 curculionid, 1 
Phyllophaga, 1 Geot1'upes, 5 scarabaeids, 2 Pseudol'uc!!117ls, 1 lucanid, 3 
IV ccmphorus, 2 Carab1~s, 3 earabids). 
F AMILY STUDY 3-N. E. Pine Bluff, Wis. 
Winter, 1930-31, through F 'ebruary. 
Representations in 33 pellets from AD ULT O"\VLS: cottontail, 21); meadow 
mouse, 12 (30 individuals); deer mouse, 15 (45 individuals); cricetine 
rodent, 1; f lying squirrel, 1; snake, 2; insect, 1 (individual : Geot1'1bpes). 
Early March to March 22, 1931. 
Representations in 9 pellets from ADULT OWLS: cottontail, 7; meadow 
mouse,2 (3 individuals); deer mousE', 4 (9 individuals) ; cricetine rodent, 1. 
March 23 to April 8, 1931. 
N onpellet food items: cottontail, 3; coot, 1. 
Representations in 6 pellets from ADULT OvVLS: cottontail, 6; meadow 
lllouse, 2; deer mouse, 4 (6 individuals) ; small passerine bird, 1; garter 
snake (Tha·.nnophis si1'talis) , 2, 
F AMILY STUDY 4-W. Pine Bluff, Wis. 
Late winter, 1930-31, to March 22. 
Nonpellet food items: cottontail, 1; long· eared owl, 2. 
Representations in 28 pellets from ADULT OWLS: cottontail, 15 ; Nor, 
way Tat, 1; meadow mouse, 5; deer mouse, 14 (51 individuals); chipmunk, 
1; mouming dove, 1; domestic pigeon, 1; ruffed grouse, 1. 
March 23 to April 25, 1931. 
N onpellet food items: cottoutail (including 4 very young individuals), 5; 
bluejay, 1 ; f licker, 1. 
Representations in 10 pellets from ADUL T OWLS: cottontail, 5 ; Nor· 
way rat, 1 (2 individuals) ; meadow mouse, 3; deer mouse, 4 (37 individuals). 
Representations in 2 pellets f rom YOUNG OWL : cottontail (including 
1 pellet with remains of young), 2. 
April 26 to May 30, 1931. 
Nonpellet food items : cottontail and Norway rat, parts of many car· 
casses; f licker, 2. 
Representations in 8 pellets from ADUL T OWLS: cottontail, 5; Norway 
Tnt, 2; house mouse, 1 (2 individuals); deer mouse, 3 (4 individuals); cow· 
bi l'd (Molotitnbs a.ter) , 1; crow, 1; f licker, 1; whip·poor·will, 1; domestic 
pigeon, 2; domestic chicken, 1; insect, 5 (22 individuals : 13 Phyllophaga, 4 
Geotnbpes, 1 scarabaeic1, 1 Necrop lwms, 1 carabid, 2 Lepidoptera larvae.) 
Representations in 13 pellets from YOUNG OWL: cottontail (including 
5 pE'llets with remains of young), 10; Norway rat, 3; meadow mouse, 1; 
deer mouse, 4 (6 individuals); cricetine rodent, 2; fringillid, 2 (3 individ· 
uals, of which 1 was probably Zonotrichia); catbird, 1; small passerine 
bird, 1 ; flicker, 2; screech owl, 1; insect, 1 (2 individuals: scarabaeids) . 
May 31 to June 25, 1931. 
Representations in 19 pellets from YOUNG OWL: cottontail (including '2 
pellets with remains of young), 13; Norway rat, 5; deer manse, 6; fox 
squirrel, 1; st riped skunk, 1; bird, 1; insect, 3 (4 individuals: 1 Vespa *, 1 
Geotnbpes, 1 elaterid, 1 Necrophoms). 
*This hornet, F. maculifrons , was associated in the pellet only with remains of young 
cottontail. so was probably taken as owl prey instead of as s tomach contents of the 
skunk. The skunk remains were in a pellet deposited later. 
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June 26 to July 16, 1931. 
Representations in 10 pellets f rom YOUNG OWL: cottontail, 5; Norway 
rat, 4; young striped skunk, 1; mourning dove (f), 1; y@ung domestic 
chicken, 5; insect, 1 (2 individuals: carabids). 
July 17 to Aug. 8, 1931. 
Representations in 15 pellets from YOUNG OWL: cottontail (including 
3 pellets with remains of young), 9; Norway rat, 6; meadow mouse, 2; 
deer mouse, 1; chipmunk, 1 ; insect, 10 (24 individuals: 1 curculionid, 2 
Meracantha, 1 chrysomelid, 2 scarabaeids, 3 N ecrophorus, 2 Carabus, 10 
carabids, 1 pentatomid, 2 other insects). 
FAMILY STUDY S-W. Pine Bluff, Wis. 
Fall, 1931, to Feb. 23, 1932. 
Representations in 23 pellets from ADULT OWLS: cottontail (includ-
ing 2 fall pellets with remains of young), 11; Norway rat, 1 (2 individuals); 
meadow mouse, 8 (9 individuals); deer mouse, 17 (80 individuals ); fox 
squirrel, 1; short-tailed shrew, 1; bob-white, l. 
February 24 to April 1, 1932, 
Representations in 39 pellets from ADULT OWLS: cottontail, 15; 
meadow mouse, 11 (12 individuals); deer mouse, 30 (135 individuals); 
fox squirrel, 1; small passerine bird, 1; domestic pigeon, 1; bob-white, 5. 
FAMILY STUDY 6-N. E. Prairie du Sac, Wis. 
Fall, 1930, through March, 1931. 
Representations in 30 pellets from ADULT OWLS: cottontail, 21; Norway 
rat, 3; house mouse, 3 (6 individuals); meadow mouse, 3; deer mouse, 
13 (51 individuals ); fringillid, 2 (4 individuals, including 1 Melospiza ) ; 
passerine bird, 1; domestic chicken, 1; bob-white, 1; salamander, 2 (3 
individuals); insect, 2 (2 individuals: 1 BUono. and 1 acridian). 
April, 1931. 
Non-pellet food items; cottontail, fragments of many; crow, 1; flicker, 
2; screech owl, 1; domestic chicken, 1; ruffed grouse, 2. 
Representations in 15 pellets from ADULT OWLS: cottontail, 13; jump-
ing mouse, 1; deer mouse, 10, ( 39 individuals); mouse, 1; salamander, 1 i 
small bird, l. 
Representations in 10 pellets from YOUNG OWLS: cottontail ( includ-
ing 3 pellets with remains of young), 8; Norway rat, 1; deer mouse, 6 
( 7 individuals); short-tailed shrew, 1; meadowlark, 1; birds, mostly small, 
4 (5 individuals ); insect, 1 (2 individuals: 1 Formica and 1 Phyllophaga ). 
May 1 to 24, 1931. 
Representations in 26 pellets from YOUNG OWLS: cottontail ( includ-
ing 2 pellets with remains of young ), 17 ; Norway rat, 3; meadow mouse, 
3; deer mouse 13 ('23 individuals) ; cricetine rodent, 2; fringillid, 2; 
meadowlark, 2; brown thrasher, 1; crow, 1; passerine bird, 6; possible 
red-headed wood peckel', 1 i screech owl, 1; Vil'ginia rail, 1; rail, 1; fish, 1; 
in sect , 7 ( H individuals: 10 Phylloplwga, 1 elaterid, 3 Necrophorus). 
May 25 to June 10, 1931. ' 
Representations in 13 pellets from YOUNG OWLS: cottontail (includ-
ing 8 pellets with remains of 11 young individuals), 11; deer mouse, 4 (9 
individuals); hermit thrush, 3 ( 7 individuals) ; small bird, 1; insect, 11 (38 
individuals: 2 curculionids, 1 cerambycid, 1 Anomala, 18 Phyllophaga, 4 
Geotrupes, 2 Copris, 1 Cantlwn, 1 Bilpha, 5 Necrophor1/,S, 1 Calliphora, 1 
Lepidoptera larva, 1 other insect). 
FAMILY STUDY 7-N. E. Prairie du Sac, Wis. 
About February 1 to 21, 1932. 
Representations in 9 pellets from ADULT OWLS: cottontail, 5 i Nor-
way rat, 1; deer mouse, 5 (25 individuals); mouse, 1 ; bob-white, 2 (3 
individuals ) . 
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Feb. 22 through Mar ch, 1932. 
Representations in 50 pellets from ADULT OWLS: cottontail, 33; 
meadow mouse, 2; deer mouse, 23 (91 individuals); meadowlark, 3; bob-
white, 8; small birds, 3 (4 individuals) ; salamander, 1. 
E arly April to May 6, 1932. 
Nonpellet food items: cottontail, fI'agments of many carcasses; fringil-
lid, 1; meadowlaI'k, 1; robin, 1. 
Representations in 2 pellets from ADULT OWLS: cottontail, 2; deer 
mouse, 2 (11 individuals). 
Representations in 40 pellets from YOUNG OWLS: cottontail, 32; 
house mouse, 1; deer mouse, 22 (33 individuals); fox squirrel, 1; fringil-
lill, 6 (9 individuals); cowbird, 1; meadowlark, 3; hermit thrush, 1; 
I'obin, 1; crow, 4; bluejay, 4; horned lark, 1; flicker, 1; F lorida gallinule, 
1; domestic chicken ('), 1; bob-white, 5; bird, 6 (7 individuals); sala-
mander, 2. 
May 7 to 30, 1932. 
Representations in 20 pellets from. YOUNG OWLS: cottontail, 9; house 
mouse, 4; meadow mouse, 1; deer mouse, 9 (15 individuals); mouse, 2; 
mole, 1 ; mammal, 2; fringillid, 2; brown thrasher, 1; passerine bird, 3;: 
night hawk, 1; killdeer (Oxyechus vociferus), 1 ; bird, 1; insect, 14 (10il 
individuals: 1 ant, 1 I thycerus, 4 curculiowids, 93 Phy lZcphaga, 1 Serica, 
1 Aphodius, 1 elaterid, 1 Necroph()r'Us). 
FAMIL Y STUDY 8-E. Prairie du Sac, Wis. 
Winter, 1930-31, through March. 
N onpellet food items: cott ontail, 1 ; crow, 1 ; bob-white, 3. 
Representations in 33 pellets f rom ADUL T OWLS: cottontail, 23; Norway 
rat, 4; meadow mouse, 6 (7 individuals); deer mouse, 11 (38 individuals); 
cricet ine rodent, 1 ; mouse, 1; bluej ay, 1 ; passerine bird, 1; bob-white, 2. 
Representat ions in 2 pellets from YOUNG OWL: deer mouse, 1 (Z 
individuals) ; crow, 1 ; bob-white, 1. 
About April 1 to 9, 1931. 
N onpellet food items: cottontail, 2. 
Representations in 13 pellets from ADULT OWLS: cottontail, 11; deer 
mouse, 2 (4 individuals); cricet ine rodent, 1; crow, 2; probable hairy 
woodpecker (D'l'yobates vi!wSlts), 1; bob-white, 2. 
F AMIL Y STUDY 9-E. Prairie du Sac, Wis. 
Fall to Dec. 21 , 1931. 
Representations in 5 pellets from ADULT OWLS: cottontail, 3; Norway 
rat, 1; deer mouse, 1; domestic pigeon, 1. 
Dec. 22, 1931, to Feb. 21 , 1932. 
Representations in 30 pellflts from ADULT OWLS: cottontail, 10; N or-
\Yay rat, 4; meadow mouse, 3; deer mouse, 13 (24 individuals); little 
shrew (CI'yptotis parva), 1; mole, 1; English sparrow, 1; domestic pigeon, 
1; bob-white, 10; ruffed grouse, 1; small bird, 1. 
FAMILY STUDY 10-E. P rairie du Sac, Wis. 
D ec., 1932, to Jan. 9, 1933. 
Representations in 11 pellets fl'om ADULT OWLS: cottontail, 10; fly-
ing squirrel, 2; shrew (SOI'6X sp. ) , 1; insect, 1 (1 individual: acridian). 
Jan. 10 to March 8, 1933. 
Representations in 17 pellets from ADULT OWLS: cottontail, 9; meadow 
mouse, 3; deer mouse, 8 (14 individuals); mole, 1; fringillid, 1; bluejay, 
1; bob-white, 3. 
March 9 to April 27, 1933. 
Representations in 8 pellets from ADULT OWLS: cottontail, 4; deer 
mouse, ·1 (6 indiyiduals ) ; bluebird, 1; ruffed grouse, 1; insect, 1 (indi-
vidual: Geopi'TllU.'l). 
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F AMIL Y STUDY ll-S. E . Prairie du Sac, Wis. I 
\Vinter, 1929-30, to about March 25. 
Nonp 8llpt food items: cottontail, 1; robin, 1; bob-white, l. 
Representations in 36 pel lets from ADULT OWLS: cottontail, 17; Nor-
way rat, 2; meadow mouse, 8 (17 individuals); deer mouse, 24 (87 indi-
viduals); mome, 1; fringillid, 1; passerine bird, 1; bluejay, 1; bob-white, 
2; ruffed grouse, 1. 
About March 26 to April 13, 1930. 
Nonpellet food items: cottontail, 5; Norway rat, 1; long-spur. 1; domestic 
pigeon, 1; hob-white, 1';" ruffed grouse, 1. 
Representations in 16 pellets from ADULT OWLS: cottontail, 14; Nor· 
way rat, 1; meadow mouse, 2; deer mouse, 1; short· tailed shrew, 1; bob-
white, 2; ruffed grouse, l. 
Representations in 20 pellets from YOUNG OW'LS: cottontail, 20; 
meadow mouse, 1. 
FAMILY STUDY 12-S. E. Prairie du Sac, Wis. 
Fall, 1931, through March, 1932. 
Representations in 32 pellets fl'om ADULT OWLS: cottontail, 18' 
house mouse, 1; meadow mouse, 2; deer mouse, 15 (68 individuals); fl/ 
lng squirrel, 2; short-tailed shrew, 1; small bird, 1 (3 individuals). 
About Apri l 1 to 20, 1932. 
N onpellet food item: robin, 1. 
Representations in 5 pellets from ADULT OWLS: cottontail, 4; deer 
manse, 1 (11 individuals); small bird, l. 
Representations in 15 pellets from YOUNG O'VLS: cottontail, 15; deer 
mouse, 4 (5 individuals); fringillid, 1 (2 individuals) ; bluebird, 1; passer-
ine bird, 2. 
:April 21 to May 16, 1932. 
Representations in 14 pellets from YOUNG OWL: cottontail (including 
2 pellets with remains of young), 10; meadow mouse, 1; deer mouse, 2; 
fringillid, 4 (7 individuals, including' 4 white·throated sparrows); meadow-
lark, 1; horned lark, 1; small passerine bird, 1 (2 individuals); flicker, 1; 
woodpecker, 1; gallinule, 1; ruffed grouse, 1; small birds, 2 (3 individuals ). 
FAMIL Y STUDY 13-'-Roxbury, Wis. 
Winter, 1929-30, to about April 7. 
Representations in 10 pellets from ADULT OWLS: cottontail, 6; meadow 
mouse, 5 (9 individuals ); ileer mouse, 5 (10 individuals); cricetine rodent, 
2; salamander, 3 (4 individuals). 
April 8 to May 7, 1930. 
N onpeUet food items: cottontail, 6; Norway rat, 1; flicker, 1; young 
great horned owl"', ]; domestic chicken, 3; bob·white, 1; diving duck 
(Nyroca, probably attinis), 2; garter snake, l. 
Representations in 6 pellets from ADULT OWLS: cottontail, 5; fox 
squirrel, 1; robin, 1. 
FAMILY STUDY 14-Denzer, Wis. 
Vvinter, 1931-32, through March. 
Representations in 39 pellets from ADULT OWLS: cottontail, 24; 
meadow mouse, 3; deer mouse, 28 (133 individuals); short-tai led shrew, 
3; fringillid, 1; English sparrow, 2; ruffed grouse, 1; bird, 2. 
" Of the two young owls in the small tree cavity in which the nest was s ituated. on~ 
was conspicuously smaller and weaker than the other. It evidently died from tramp-
ling a nd starvation. to be eaten by its thriving nest mate. Note also a similar 
occurrence recorded in family study 37. 
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About April 1 to May 3, 1932. 
N onpellet food items: cottontail, 8; mole, 1; domestic pigeon, 1; ruffed 
grouse, 1. 
Representations in 5 pellets from ADULT OWLS: cottontail (including 
1 pellet with remains of young, 5; deer mouse, 3 (6 individunls); fringillid, 
1; domestic pigeon, 1. 
Representations in 29 pellets from YOUNG OWLS: cottontail (includ· 
ing 2 p"llets with remains of yo"ng), 29; Norway rat, 1; deer mouse, 7; 
passerine bird, 1; ruffed grouse, 1; small bird, 1. 
May 4 to 30, 1932. 
Representations in 20 pelJets from YOUNG OWL : cottontail (including 
6 pellets with remainA of young), 18; deer mouse, 3 (4 individuals); blue· 
jay, 1; passerine bird, 1; shorebird, 1; bob-white, 1; ruffed grouse, 1; 
garter snake, 1; insect, 6 (13 individuals: 1 ant, 7 Phyllophaga, 2 Aphodius, 
1 searabaeid, 2 SiZpha). 
FAMILY STUDY 1S-S. W. Madison, Wis. 
Fall to midwinter, 1930-31. 
Representations in 48 pellets from ADULT OWLS : cottontail, 31; jump-
ing mouse, 1 ; Norway mt, 17; meadow mouse, 12 (19 individuals); deer 
nJOuse, 24 (46 individuals); flying squirrel, 1 ; short -tailed shrew, 1; 
meadowlark, 1 (2 individuals); coot, 1 ; bob-white, 5; reptile, possibly 
gaI'ter 8nake, 1. 
Late winter to early April, 1931. . 
Representations in 11 pellets from ADUL T OWLS: cot tontail, 11; deer 
mouse, 5 (7 individuals); bob-whit e, 1 ; mallard, 2. 
Early April to April 24, 1931. 
Nonpellet food items: cottontail, 1 ; deer mouse, 1 ; robin, 1 ; domestic 
chicken, 1 ; bob-white, 2; mallard, 3. 
Representations in 21 pellet s from ADULT OWLS: cottontail, 16; Nor-
way rat, il; meadow mouse, 2 (4 individuals) ; deer mouse, 5 (7 individuals) ; 
robin, 1 ; coot, 3; mallard, 4; snake, 1. 
April 25 to May 21 , 1931. . 
N onpellet food items: sora, 1; mallard, 1. 
Representations in 10 pellets from ADULT OWLS : cottontail, 7; Nor-
way rat, 2; meadow mouse, 2; deer mouse, 2; lesser yellow-legs (Totanus 
[lavipes), 1; coot, 1; Fora, 1; bob-white, 1; mallard, 1; pied-billed grebe, 
1; small bird, 2; snake, 1; insect, 1 (9 individuals : Phyllophaga). 
Representations in 24 pellets from yeUNG OWLS : cottontail (includ-
ing 2 pellets with remains of young), 11 ; Norway rat, 3; meadow mouse, 
5 (6 individuals); deer mouse, 4; cricetine rodent, 1; robin, 1; bluej ay, 1; 
passmille bird, 1; shorebird, 1; coot, 1; sora, 3; Virginia rail, 3; mallard, 
3; duck, 1; pied-billed grebe, 1; small bird, 1; garter snake, 2; vertebrate, 
2; insect, 5 (7 individuals: 3 Phyllophaga, 4 Geot1"lvpes). 
M ay 22 to July 10, 1931. 
Nonpellet food item: Norway rat, 1. 
Representations in 3 pellets from ADULT OWLS : cottontail (including 
2 pellets with remains of young), 3; meadow mouse, 1; rodent, 1; insect, 
2 (unknown number of individuals : 1 curculionid, several Phyllophaga, 1 
Geot1'upes, 1 Canthon) . 
Representations in 17 pellets from YOUNG OWL : cottontail (includ-
ing 3 pellets with remains of young), 5; Norway rat, 3; young muskrat, 2; 
deer mouse, 4; fox squirrel, 1; chipmunk, 5; passerine bird, 1; coot, 2;. 
bob-white, 2; least bittern, 1; small snake, probably Nat'rix sipeodon, 1; 
insect, 17 (48 individuals: 1 curculionid, 16 Phyllophaga, 1 Trox, 12 
'Oeotrupes, 1 Onthophagus, 1 scarabaeid, 8 Necroph01'ttS, 3 Ha1'palus, 3 
carabius, 1 beetle, 1 Lepidoptera); spider, 1. 
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F AMIL Y STUDY 16-S. Madison. W is. 
Winter, 1930-31, through February. 
Nonpellet food items: cottontail, 1; crow, 1. 
Representations in 22 pellets from ADULT OWLS: cottontail, 18; Nor 
way rat, 1; meadow mouse, 1; deer mouse, 8 (12 individuals); flying 
squirrel, 2; weasel (Mustela frenata noveboracensis), 1; short· tailed shrew, 
1; rusty blackbird (Euphagus carolinus), 1. 
March 5 to April 10, 1931. 
Representations in 14 pellets from ADULT OWLS: cottontail, 12; deer 
mou~e, 2 (3 individuals); short·tailed shrew, 1 (3 individuals); bluejay, 1. 
F AMIL Y STUDY 17-S. Madison, Wis. 
Winter, 1932-33, to March 5. 
Representations in 33 pellets from ADULT OWLS: cottontail, 26; 
meadow mouse, 10 (18 individuals); deer mouse, 2 (5 individuals); bob-
white, 3. 
March 6 to April 29, 1933. 
Representations in 24 pellets from ADULT OWL S: cottontail, 17; 
mC'ldow mouse, 8 (15 individuals); deer mouse, 6 (8 individuals); short· 
tailed shrew, 2; grackle, 4; meadowlark, 1; robin, 6; passerine bird, 1; 
woodcock (Philohela minor), 1; pheasant, 4; bob-white, 3; small bird, 1. 
FAMIL Y STUDY IS-Middleton, Wis. 
Late winter, 1930-31, to March 10. 
NOllpellet food items: lean meat from a skinned cow carcass; cotton-
tail, 1; fox squirrel, 1 ; domestic pigeon, 1. 
Representati ons in 28 pellets from ADULT OWLS: cottontail, 21; 
meadow mouse, 2; deer mouse, 16 (66 individuals); domestic chicken, 2. 
March 11 to April 6, 1931. 
Representations in 15 pellets from ADULT O"VLS: cottontail, 15; Nor-
way rat, 1; deer mouse, 4 (5 individuals). 
FAMILY STUDY 19-Middleton, Wis. 
Middle of March to April I, 1932. 
Representations in 18 pellets from YOUNG OWLS: cottontail, 17; 
house mouse, 1; deer mouse, 6 (9 individuals); coot or gallinule, 3; domestic 
chicken, 1; salamander, 1. 
April 2 t o 14, 1932. 
Nonpellet food item : sparrow hawk, 1. 
Representations in 6 pellets from ADULT OWLS: cottontail, 6; deer 
mouse, 2 (3 individuals); salamander, 1 (4 individuals). 
Representations in 11 pellets from YOUNG OWLS: cottontail, 11; 
meadow mouse, 1; deer mouse, 2 (3 individuals); cricetine rodent, 1; 
English sparrow, 1; bird, 1; salamander, 1. 
April 15 to June 3, 1932. 
Representations in 35 pellets from YOUNG OWLS: cottontail (includ-
ing 8 pellets with remains of young), 27; Norway rat, 3; deer mouse, 9; 
young fox, probably gray, 1; short-tailed shrew, 2; fringillid, 1; red-winged 
blackbird, 1; robin, 1; catbird, 1 (3 individuals); crow, 1; flicker, 1; 
sora, 3 (4 individuals); rail, 1; domestic chicken, 1; blue-winged teal, 1; 
bird, 4; snake, 3; insect, III (40 individuals: 38 Phyllophaga, 1 Trox, 1 
NecroplwT'Il,S) . 
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FAMIL Y STUDY 20-Stoughton, Wis. 
Fall, 1930, through March, 1931. 
Representations in 17 pellets from ADULT OWLS: cottontail, 13; NOl-
way rat, 1; meadow mouse, 3 (8 individuals); deer mouse, 4 (12 indi-
viduals); sholt-tailed shrew, 2; probable short-eared owl, 1; screech owl, 
1; bird, l. 
About April 1 to 11, 1931. 
Nonpellet food items: cottontail, Norway rat, meadow mouse and deer 
mouse, remain~ of lllany carcasses; meadowlark, 1 ; crow, fragments of 
several carcasses; short-eared owl, 1; screech owl, 1; ruddy duck (Eris-
7!wtura jamaicensis 1'Ubida), 1; pied-billed grebe, 1; exoskeleton fragments 
of many crayfish. 
Representations in 8 pellets from ADULT OWLS: cottontail, 5; meadow 
mouse, 3 (7 individuals); deer mouse, 1; weasel (Mustela trenata novebora-
ecns-is or M. cico.qnani-i), 1; shrew (Sorex sp.), 1 (2 individuals); fringillid, 
1; robin, 1; gallinule, 1; duck, 1; snake, 1; crayfish, l. 
FAMIL Y STUDY 21-Stoughton, Wis. 
Winter, 1931-32, to April 26. 
Representations in 66 pellets from ADULT OWLS: cottontail, 54; Nor-
way rat, 2; meadow mouse, 5 (6 individuals); deer mouse, 18 (51 indi-
viduals); weasel (Mustela rixosa) , 1; short-tailed shrew, 4; red-winged 
blackbird, 2 (3 individuals); starling, 2; owl (.Asia, probably p;ilsonWnus) , 
2; bird, 2; snake, 2. 
April 27 to May 24, 1932. 
Representations in 8 pellets from YOUNG OWL: cottontail (including 
3 pellets with remains of young), 6; Norway rat, 1; house mouse, 1; 
meadow mouse, 1; deer mouse, 1; short-t ailed shrew, 2; red-winged black-
bird, 1 ; swallow, 1; bird, 1; snake, 3; insect, 4 (4 individuals: Phyllo-
phaga). 
May 25 to June 25, 1932. 
Representations in 22 pellets from YOUNG OWL: cottontail (includ-
ing 8 pellets with remains of young), 22; Norway rat, 1; house mouse, 
2; deer mouse, 3; mouse, 1; screech owl, 1; medium-sized bird, 1 ; snake, 
4; insect, 21 (82 individuals: 1 FOTmica, 4 I thyce1'Us, 9 Phyllophaga, 2 
l 'rox, 26 Geotrupes, 14 Onthophagus, 2 elaterids, 3 l'achin!bs, 20 Necro-
phoTUS,1 Calosoma). 
F AMIL Y STUDY 22-S. Des Moines, Iowa. 
Winter, 1932-33, to March 11. 
Hepresentations in 25 pellets from ADULT OWLS: cottontail, 23; 
meadow mouse, 3 (4 individuals); deer mouse, 4 (10 individuals); shrew 
(Sorex sp.), 1 (2 individuals); long-eared owl, 1. 
March 12 to April 28, 1933. 
Nonpellet food items: cottontail, 1; grackle, 1; flicker, 1; short-eared 
owl, 1; bob-white, l. 
R(lpresentations in 59 pellets from ADULT OWLS: cottontail (including 
4 pellets with remains of young), 48 ; Norway rat, 1; meadow mouse, 8 
( 11 individuals); deer mouse, 14 (46 individuals ); mouse, 1; fox squirrel, 
1; shrew (Sorex sp.) 1; opossum, 2; fringillid, 1 ; red-winged blackbird, 
1; yellow-headed blackbird, 1; hairy woodpecker, 1; flicker, 3; long-eared 
Gwl, 1; screech owl, 1; bob-white, 3; bird, 1; snake, 1; frog, 3; insect, 1 
(1 individual: beetle); crayfish, 5. 
Representations in 9 pellets from YOUNG OWLS: cottontail, 3; meadow 
mouse,5 (9 individuals); deer mouse, 3; short-tailed shrew, 1; thrush, 1; 
flicker, 2; short-eared owl, 1; insect, 1 (1 individual: beetle). 
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FAMIL Y STUDY 23-S. Des Moines, Iowa. 
Fall and early winter, 1934·35. 
Representations in 24 pellet.s from ADULT OWLS: cottontail, 18; jump-
ing mouse, 1; Norway rat, 1; meadow mouse, 1; le=ing mouse, 1 (2 indio 
viduals); deer mouse, 3 (7 individuals); mole, 1; domestic pigeon, 1 ; 
domestic chicken, 2; bob-white, 2; frog, 1. 
Late winter to April 14, 1935. 
Representations in 25 pellets from ADULT OWLS: cottontail, 23; deer 
mouse, 2; mole, 2; bob-white, 2; blue or snow goose (qhcn sp.), 1. 
FAMILY STUDY 24-N. W. Ames, Iowa. 
Winter, 1932·33, through March. 
Representations in 13 pellets from ADULT OWLS: cottontail, 9; Nor-
way rat, 1; lemming mouse, 1; deer mouse, 2 (4 individuals); flicker, 1; 
short-eared owl, 1; pheasant, 1; bob-white, 1. 
About April 1 to 30, 1933. 
Representations in 24 pellets from ADULT OWLS: cottontail (includ-
ing 2 pellets with remains of young), 19; house mouse, 1 ; meadow mouse, 
7 (8 individuals); deer mouse, 3 (7 individuals); harvest mouse, 1; short-
tailed shrew, 1; grackle, 2; vireo, 1; robin, 1; bluejay, 1; flicker, 1; kill-
deer, 1; bob-white, 2; blue-winged teal, 1; crayfish, 2. 
Repl'esentations in 46 pellets from YOUNG OWLS : cottontail (including 
4 pellets with ,remains of young), 34; Norway rat, 2; house mouse,. 2; 
mead.ow mouse, 12 (15 individuals); deer mouse, 2; pocket gopher, 3; fox 
squirrel, 1; song sparrow, 1; fringillid, 1; meadowlark, 1; robin, 2; flick-
er, 1; mourning dove, 1; bob-white, 1; shoveller (Spatula clypeata) , 1; 
pintail (Dalila acuta tzitzihoa), ] ; bird, 1. 
May 1 to 28, 1933. 
Representations in 21 pellets from YOUNG OWLS: cottontail (includ-
illg 5 pellets with remains of young), 10; young jack rabbit, 2; jumping 
mouse, 1; Norway rat, 1; meadow mouse, 3 (4 individuals); deer mouse, 
8 (13 individuals); mole, 1 ; fringillid, 1; grackle, 3; robin, 1; red-headed 
woodpecker, 1; screech owl, 2; mourning dove, 2; sora, 1; Virginia rail, 1; 
pheasant, 1; bob-white, 1; pied-billed grebe, 1; insect, 12 (29 individuals: 1 
Phyllophaga, 13 Geotrupcs, 2 Copris, 1 Canthon, 1 Silpha, 1 Necrophoms, 
3 Harpalus, 1 Pasimachus, 4 carabids, 2 beetles). 
FAMILY STUDY 25-N. W. Ames, Iowa. 
Fall, 1934, to March 22, 1935. 
Representations in 28 pellets from ADULT OWLS: cottontail, 16; 
jumping mouse, 2 (4 individuals); Norway rat, 1; meadow mouse, 2; 
deer mouse, 5 (13 individuals); mole, 1; young opossum, 1; flicker, 1; 
screech owl, 4; domestic pigeon, 2; bob-white, 5; insect, 1 (1 individual: 
earabid) . 
March 23 to May 16, 1935. 
Representations . in 26 pellets from ADULT OWLS: cottontail (includ-
ing ::; pellets with remains of young ), 22 ; Norway rat, 5; deer mouse, 2; 
pocket gopher, 2; young rodent, 1 ; junco, 1; grackle, 1; icterid, 1; robin, 
1; white-breasted nuthatch (Sitta carolinensis), 1; horned lark, 1; passe· 
rine bird, 1; screech owl, 1; coot, 1; pheasant, 4; bob-white, 1; bird, 1. 
Representations in 7 pellets from YOUNG OWLS: cottontail, 1; Nor-
way rat, 2; spotted skunk, 1; fringillid, 1; grackle, 1; young icterid, 1; 
English sparrow, 1; robin, 1; passerine bird, 3; young long-eared owl, 1; 
mourning dove, 2; insect, 1 (trace, probably from stomach of avian prey)_ 
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FAMILY STUDY 26-N. E . Ames, Iowa. 
Late winter, 1932-33, to April 22. 
Representations in 23 pellets from ADULT OWLS: cottontail (includ-
ing 3 pellets with remains of young), 22 ; Norway rat, 3; meadow mouse, 
4 (5 individuals) ; deer mouse, 5; short-tailed shrew, 1; domestic chicken, 
1; pheasant, 1; bob-white, 1; small bird, 1. 
April 23 to May 21, 1933. 
Representations in 21 pellets from YOUNG OWLS: cottontail (includ· 
ing 2 pellets with remains of young), 16; house mouse, 2; meadow mouse, 
1; deer mouse, 8 (14 individuals); harvest mouse, 1; pocket gopher, 1; 
rlickcissel (Spiza americana), 1; brown thrasher, 1; red-headed woodpecker, 
1; mourning dove, 1; bob-white, 1. 
May 22 to June 23, 1933. 
Representations in 31 pellets from YOUNG OWLS: cottontail (includ-
ing 4 pellets with remains of young), 18; Norway rat, 3; house mo.use, 2; 
muskrat (all but one representation of young animals), 9; meadow mouse, 
9; aper mouse, 7 (10 individuals); striped ground squirrel (Citellus tri-
decemlmeatus) , 1; fringillid, possibly clay-colored sparrow (Spizc lla 
pallida) , 1; robin, 1; sapsucker (Sphyrapiclls varius) , 1; young sCTepch 
owl, 1; pheasant, 1; bob-white, 1; insect, 3 (4 individuals: 1 Phyllophaga, 
1 D01'C'U8, 2 Necrophorus). 
F AMILY STUDY 27-N. E. Ames, Iowa. 
Fall, 1933, to April 8, 1934. 
Representations in 54 pellets from ADULT OWLS: cottontail (includ-
ing 3 pellets with remainR of young), 32; Norway rat, 4; house mouse, 1 ; 
meadow mouse, 9 (15 individuals); aeer mouse, 14 (19 individuals); harv-
est mouse, 2 (4 individuals) ; mouse, 1; short-tailed shrew, 4 (5 individuals) ; 
opossum, 1; tree sparrow, 2; junco, 1; icterid, 1; bluebird, 1; downy 
woodpecker (Dryobates pubescens) , 1; red bellied woodpecker (Cent~bms 
camUnus) , 1; screech owl, 1; domestic chicken, 4; young bob-white, ·2; 
frog, 2; pike (Esox sp.), 1; crayfish, ~. 
April 9 to .28, 1934. 
Representations in 15 pellets from YOUNG OWLS: cottontail (includ-
ing 4 pellets with remains of young), 13 ; Norway rat, 8; meadow mouse, 1 ; 
deer mouse, 2; song sparow, 1; fringillid, 1; meadowlark, 1; robin, 1; 
chickadee, 1; mourning dove, 2; coot, 1; insect, 1 (1 individual). 
FAMILY STUDY 28-N. E. Ames, Iowa. 
Winter, 1934-35, to March 15. 
Representations in 20 pellets from ADULT OWLS: cottontail, 17; 
meadow mouse, 5; deer mouse, 4: mole, 1; screech owl, 1; domestic chicken, 
1; bob-white, 1. 
March 16 to April 26, 1935. 
Representations in 7 pellets from YOUNG OWL: eottontail, 6; blue-
jay, 1; coot, 2. 
FAMILY STUDY 29-E. Ames, Iowa. 
Late winter, 1932-33, to April 23. 
N onpellet food items: bluebiru, 1; barred owl, 1. 
Representations in 17 pellets from ADULT OWLS: cottontail (includ-
ing 1 pellet with remains of young), 17; pheasant, 1; bob-white, 1 ; 
baldpate (M areca americana), 2; bird, 1. 
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April 24 to May 28, 1933. 
Representations in 27 pellets from YOUNG OWLS: cottontail (includ-
ing 4 pellets with remains of young), 18 ; Norway rat, 2; muskrat, 1; 
meadow mouse, 1; deer mouse, 4; red-winged blackbird, 1; bluebird, 1; 
brown thrasher, 1; bluejay, 3; red-headed woodpecker, 1; screech owl, 3; 
mourning dove, 1; coot, 1; sora, 1; pheasant, 4; blue-winged t eal, 2; pied-
bi lled grebe, 1; insect, 5 (9 individuals: 4 Phyllophaga, 1 Pseudolucanus, 
2 Ha'rpalus, 2 beetles). 
May 29 to June 23, 1933. 
Representations in 26 pellets from YOUNG OWLS : cottontail (includ-
ing 7 pellets with remains of young), 20; Norway !'at, 10; meadow mouse, 
3; deer mouse, 1 (2 individuals); mole, 1; fringillid, 1; hairy wood-
pecker, 1; sereech owl, 3; bob-white, 4; least bittern, 1; small bird, 1; 
insect, 11 (15 individuals: 6 Phyllophaga, 7 Psel,do~ucanus, 1 dytiscid, 1 
beetle) . 
J une 24 t o July 21, 1933. 
Representations in 13 pellets from YOUNG OWLS : eottontail, 6; Nor-
way rat, 9; meadow mouse, 3; mole, 1; screech owl, 2; domestic ehieken, 
5 (including 1 pellet with remains of 2 young); bob-white, 1; insect, 2 (2 
iudivduals: Pseudoh,camb8). 
F AMI L Y STUDY 30-S. E. Ames, Iowa . 
Lat e April to May 21, 1933. 
Representations in 2 pellets from ADULT OWLS: cottontail, -2; pheasant, 
1. 
Representations in 21 pellets from YOUNG OWLS: cottontail ( includ-
lllg 2 pellets with remains of young), 10; house mouse, 1; meadow mouse, 
4; deer mouse, 2; diekcissel, 1; cardinal, 1; grackle, 1; red-headed wood-
pecker, 1; domestic pigeon, 2; mourning dove, 1; lesser yellow-legs, 1; 
eoot, 2; pheasant, 1; bob-white, 2; blue-winged teal, 1; small biI'd, 1. 
May 22 to June 11, 1933. 
Repl'esentations in 2 pellets from ADULT OWLS: young cottontail, 1; 
meadow mouse, 1; short-tailed shrew, 1; insect, 2 (3 individuals: 1 Phyl-
lophaga, 1 Ha1'palus, 1 Pasimacl!1!s). 
Representations in 9 pellets from YOUNG O"VLS: cottontail, 4; Nor: 
way rat, 1; meadow mouse, 1; pocket gopher, 1; grackle, 1; young flicker 
( ~,\, 1; screech owl, 1; domestic pigeon, 1; bob-white, 1; insect, 1 (5 
individuals: 1 DO"m!s, 4 earabids). 
June 12 to July 6, 1933. 
Repre~entations in 20 undifferentiated pellets from both ADULT and 
YOUNG OWLS: cottontail (including 4 pellets with remains of young), 
16; Norway rat, 1; mead0w mouse, 1; deer mouse, 1 (2 individuals); 
young pocket gopher, 1; short-tailed shrew, 1; opossum, 2; grackle, 1; 
robin, 1; domestic pigeon, 1; very young domestic chicken, 2; insect, 9 
(12 individual~: :~ Phyllophaga, 1 Geotrupes, 5 Pseudolucanus, 2 Calosoma, 
1 beetle). 
F AMILY STUDY 31-S. E . Ames, Iowa. 
Winter, 1933-34, to April 8. 
Representations in 37 pellets from ADULT OWLS : cottontail, 2!); Nor-
way rat, 3; house mouse, 1; meadow mouse, 7 (16 individuals); deer 
mouse, 8 (20 individuals); pocket gopher, 1; fox squirrel, 1; weasel (MI!S-
tela frenata spadix), 1; cardinal, 1; short-eared owl, 1; screech owl, ~; 
small bird, 1. 
Representations in 3 pellets from YOUNG OWLS: cottontail, 1; Nor-
way rat, 2; meadow mouse, 1. 
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April 9 to 28. 1934. 
Representations in 34 pellets from YOUNG OWLS: cottontail (includ· 
ing 2 pellets with remains of young), 31; meadow mouse, 8 (9 individuals) ; 
deer mouse, 14 (33 individuals); fox squirrel, 1; short· tailed shrew, 1; 
Harris sparrow (Zonotrichia q~berula), 1; Baltimore oriole ( I cterus gal· 
Z,ula), 1 ; flicker, 2; screech owl, 3; dove, 1; bob·white, 2; gallinaceous 
bird, 1; green heron, 1; pied-billed grebe, 2; insect 1 (1 individual). 
April 29 to May 13, 1934. 
Representations in 16 pellets from YOUNG OWLS: cottontail, 8; house 
mouse, 3; meadow mOWle, 4 (5 individuals); deer mouse, 11 (26 individ-
uals); vesper sparrow, 1; fringillid, 1; robin, 1; flicker, 2; bob-white, 
2; snake, 1; insect, 1 (1 individual: NecrophortWl). 
F AMIL Y STUDY 32-S. E . Ames, Iowa. 
About April 20 to May 15, 1935. 
Representations in 11 pellets from YOUNG OWLS: cottontail (includ-
ing 7 pellets with remains of young), 11; deer mouse, 3 (7 individuals); 
fringillid, 2. 
F AMIL Y STUDY 33-S. Ames, Iowa. 
Winter, 1934-35, through March. 
Representations in 20 pellets from ADULT OWLS: cottontail, 17; 
jumping mouse, 1; N onvay rat, 1; house mouse, 1; meadow mou8e, 2; 
deer mouse, 5 (9 individuals); mole, 1; tree sparrow, 1. 
About April 1 to 29, 1935. 
Repl'esentations in 22 pellets from ADULT OWLS: cottontail ( includ-
ing 5 pellets with remains of young), 18; jumping mouse, 1; deer mouse, 
1; pocket gopher, 2; grackle, 1; pheasant, 5. 
FAMILY STUDY 34-N. Ames, Iowa. 
Fall, 1934, to late March, 1935. 
Representations in ,14 pellets from ADULT OWLS: cottontail, 37; Nor· 
way rat, 2; meadow mouse, 3; deer mouse, 6 (12 individuals); harvest 
mouse, 1; fringillid, 2; grackle, 1; meadowlark, 4; icterid, 1; English 
sparrow, 1; robin, 3; crow, 2; bob-white, 3. 
About March 28 to April 25, 1935. 
Representations in 26 pellets from ADULT OWLS: cottontail, 26; 
meadow mouse, 1; deer mouse, 2; mouse, 1; bluebird, 1; crow, 3; flicker, 
1; domestic pigeon, 1; insect, 1 (1 individual: beetle). 
Representations in 7 pellets from YOUNG OWLS: cottontail (including 1 
pellet with remains of young), 6; meadow mouse, 1; icterid, 1; robin, 1; 
CI'OW, 1; woodpecker, 1; screech owl, 1; insect,2 (2 individuals: Geotrupes). 
April 26 to June 7, 1935. 
Representations in 28 pellets from YOUNG OWLS: cottontail (includ-
ing 8 pellets with remains of young), 25; Norway rat, 5; meadow mouse, 
2; deer mouse, 6 (7 individuals); mouse, 1; Franklin's ground squirrel 
(Citellus tmnklini), 1; fringillid, 2; gr~ckle, 1; robin, 1; red·bellie<l wood-
pecker, 2; mourning dove, 2; pheasant, 1; small bird, 5 (7 individuals of 
which 3 were young); insect, 3 (unknown number of individuals, includ-
ing 1 Phyllophaga and some debris probably from the stomachs of avian 
prey) . 
FAMIL Y STUDY 35-S. Wallingford, Iowa. 
Fall, 1933, to April 29, 1934. 
Representations in 91 pellets from ADULT OWLS: cottontail (including 
3 pellets with remains of young), 47; young jack rabbit, 1; Norway rat, 3; 
young muskrat, 1; meadow mouse, 2Q (64 individuals); deer mouse, 25 (37 
individuals); mouse, 2; short-tailed shrew, 1; fringifIid, 1 ; flicker, 1; 
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short-eared owl, 2; screech owl, 5; pheasant, 23; Hungarian partridge, 5; 
small bird, 2; fish, 1. 
April 30 to May 28, 1934. 
Representations in 5 pellets from ADULT OWLS: house mouse, 1; deer 
mouRe,4 (7 individuals); harvest mouse, 1; warbler, 1; red-headed wood-
pecker, 1; pheasant, 2; snake, 1. 
Representations in 5 pellets from YOUNG OWLS: cottontail (includ-
ing 2 pellets with remains of young), 3; young jack rabbit, 1; deer mouse, 
1; mouse, 1; king- rail, 1; pheasant, 1. 
May 29 to July 12, 1934. . 
Representations in 10 pellets from ADULT OWLS: cottontail (includ-
ing 2 pellets with remains of young), 3; meadow mouse, 1 (3 individuals); 
deer mouse, 3 (5 individuals) ; domestic pigeon, 1; pheasant, 4; Hungarian 
partridge, 3; Hnake, 2; frog, 1; insect, 3 (at least 4 individuals: 1 Chryso-
clws, 1 Necrophor7bs, 1 Harpaw,s, and other beetles). 
Representations in 32 pellcts from YOUNG OWLS: cottontail (includ-
ing 13 pellets with remains of young), 17 ; Norway rat, 5; young muskrat, 1; 
n,eauow mouse, 2; deer mouse, 3 (6 individuals); harvest mouse, 4 (7 
individuals); mouse, 2; pocket gopher, 2; short-tailed shrew, 1; screech 
owl, 5; S01'3, 1; pheasant, 1'2; Hungarian partridge, 8; sparrow hawk, 1; 
snake, 6; frog, 3; fish, 1; insect, 15 (at least 26 individuals, including 
6 Phyllophaga, 3 scarabaeids, 2 Necl'oplwTUs, 6 Harpa~s, 9 beetles); cray-
fish, l. 
F AMIL Y STU DY 36-S. W allingford, I owa. 
E arly spring to April 29, 1935. 
Representations in 9 pellets from ADULT OWLS: cottontail (includ-
ing 4 pellets with remains of young), 6; meadow mouse, 1 (3 individuals); 
deer mouse, 3; coot, 1; sora, 1; pheasant, 3; frog, l. 
April 30 to May 21, 1935. 
Representations in 10 pellets from ADULT OWLS: cottontail (includ-
ing 1 pellet with remains of young), 3; young rabbit or hare, 2; jump-
ing mouse, 4 (5 individuals); deer mouse, 7 (11 individuals); harvest 
mouse, 3; fringlllid, 1; sora, 1; pheasant, 4; insect, 1 (1 individual). 
Representations in 6 pellets from YOUNG OWL: cottontail (both pellets 
with remains of young), 2; deer mouse, 1; mouse, 1; meadowlark, 1; 
pheasant, 4. 
FAMIL Y STUDY 37-S. W. Wallingford, Iowa. 
Fall, 1934, through March, 1935. 
Representations in 33 pellets from ADULT OWLS: cottontail (including 
2 pellets with remains of young), 25; jack rabbit, 1; meadow mouse, 8; 
deer mouse, 9 (19 individuals); harvest mouse, 1; short-tailed shrew, 1; 
short-eared owl, 1; screech owl, 1; pheasant, 3; Hungarian partridge, 2; 
small bird, 1. 
About April 1 to 20, 1935. 
N onpcllet food item : young great horned owl. * 
Representation in 1 pellet from ADULT OWL : pheasant. 
Represent ations in 17 pellets from YOUNG OWLS : cottontail (includ-
ing 4 pellets with remains of young), 13; young jack rabbit, 1; young 
rabbit or hare, 1; jumping mouse, 1; Norway rat, 2; meadow mouse, 1; 
deer mouse, 4; mouse, 1; fox squirrel, 1; weasel, 3 (including 1 Mustela 
/,renata spadix and 1 M. cicognanii) ; spotted sandpiper (Actitis macularia) , 
1; pheasant, 9; Hungarian partridge, 4. 
I 
* This instance differs from the cannibalism recorded under family study 13 in that 
the victim was the smallest and weakest of a brood of 4 young-the largest brood 
we have found. To appearances. it-<loubtless the last to hatch-simply failed to 
get enough to eat after its nest mates grew strong and active and was finally utilized 
the same as any other food in the nest. 
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A pril 21 to May 21, 1935. 
Representations in 26 pellets from YOUNG OWJ,S: cottontail (includ-
ing 10 pellets with remains of young), 13; young jack rabbit, 1; Norway 
rat, 3; house mouse, 1; meadow mouse, 3 (4 inQividuals); deer mouse, 5 
(9 individuals); fox squin-el, 1; grackle, 2; meadowlark, 2; pheasant, 12; 
Hungarian partridge, 5; insect,4 (9 individuals: 5 Geotrupes, 1 Hyd1'ophiI1l,s, 
1 Pasimaclws, 1 beetle, 1 other insect). 
FAMILY STUDY 38-W. Emmetsburg, Iowa. 
Winter , 1933-34, to April 24. 
Representations in 23 pellets from ADUL'l' OWLS: cottontail, ] 9 ; Norway 
rat, 4; meadow mouse, 2 (6 individuals); deer mouse, 5 (9 individuals); 
pocket gopher, 1; Franklin's ground squirrel, 1; young mammal, 1; fringil-
lid, 1; screech owl, 1; young domestic chicken, 1; pheasant, 2; Hungarian 
partridge, 1; insect, 1 (4 individuals: 3 Phyllophaga, '1 beetle); crayfish, 1. 
April 25 to May 28, 1934. 
Representations in 10 pellets from ADULT OWLS : cottontail, 6; young 
jack rabbit, 1; house mouse, 1; deer mouse, 4 (7 individuals); harvest 
mouse, 2; mouse, 1; weasel (M us tela Nosa), 1; pheasant, 3; Hungarian 
partridge, 1; frog, 1. 
Representations in 37 pellets from YOUNG OWLS : cottontail (including 
I T pellets with remains of young), 25; young rabbit or hare, 1; Norway 
rat, 1; house mouse, 1; meadow mouse, 1; deer mouse, 13 (14 indivduals) ; 
harvest mouse, 2; mouse, 3; fringillid, 2; titmouse, 1; red-headed wood-
pecker, 1; pheasant, 18; Hungarian partridge, 2; least bittern, 2; snake, 1; 
fish, 1; insect, 3 (3 individuals: 1 Phyllophaga, 2 beetles). 
May 29 to June 10, 1934. 
Representations in 1 pellet from ADUL 'l' OWLS: young cottontail ; 
pheasant. ' 
Representations in 18 pellets from YOUNG OWLS : young cottontail (1 
pellet also contained remains of adult), 6; young j ack rabbit, 1; Norway 
rat, 1; meadow mouse, 1; deer mouse, 6 (7 individuals); harvest mouse, 2; 
young domestic chicken, 5; pheasant (including 2 pellets with remains of 
young), 9; suake, 1; insect, 7 (7 individuals : 1 scarabaeid, 4- beetles, 2 other 
insects). 
FAMIL Y STUDY 39-Mud Lake, N. Ruthven, Iowa. 
L ate spring to June 18, 1933. 
Representations in 27 nndifferentiated pellets fI'om both ADULT and 
YOUNG OWLS: cottontail (including 1 pellet with remains of youug), 5; 
meadow mouse, 4 (8 individuals) ; deer mouse, 3; mole, 1; fringillid, 1; red-
winged blackbird, 8 (11 individuals); yellow-headed blackbird (including 
1 pellet with remains of young), 4; long·billed marsh wren (Telmatodytes 
palll-stris), 1; flicker, 1; black tern, 1; semipalmated sandpiper (Eretllntes 
'Vlbsilltts) , 1; coot, 4; sora, 2; Virginia rail, 1; king rail, 1; pheasant, 1; 
Hungarian partridge, 1; pied-billed grebe, 2; snake, 1; salamander, 1; in-
sect, 5 (18 individuals: 1 Psettdolucantts, 3 Hydrophilus, 10 Lepidoptera 
larvae close to TTOpistermls, 4 Lethoce1'l1s (f) ). 
June 19 to July 24, 1933. 
Representations in 18 U!Ildifferentiated pellets from both ADULT and 
YOUNG OWLS: cottontail (including 3 pellets with remains of young), 4; 
meadow mouse, 1; deer mouse, 1; red-winged blackbird, 2 (3 individuals) ; 
yellow-headed blackbird, 1; flicker, 1; short-eared owl, 1; Forster's tern, 
]; coot (including 2 pellets with remains of young), 5; young domestic 
chicken, 1; bluG-winged teal (including 1 pellet with remains both of adult 
and young), 3; mallard, 1; duck, 1; pied·billed grebe (including 1 pellet 
with remains of young), 2; garter snake, 4; salamander, 1; insect, 5 (8 
individuals; 5 Hydrophilns, 3 DytisclIs). 
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FAMILY STUDY 40-Mud Lake, N . Ruthven, Iowa. 
F all, 1934, to March 30, 1935. 
Representations in 105 pellets from ADULT O'iVLS: cottontail (includ-
ing 2 pellets with remains of young), 85; jack rabbit (including 1 pellet 
with remains of young), 2; jumping mouse, 1; Norway rat, 6; meadow 
mouse, 17 (24 individuals); deer mouse, 21 (35 individuals); mouse, 1; 
shrew ( SOl'ex Bp.), 1; fring-illid, 1; red·winged blackbird, 1 (2 individuals); 
yellow·headed blackbird, 1; swallow, 1 (6 individuals, of which 5 seemed to 
be barn swallow, Hirundo erythTogaster) ; Bonapal-te's gull, 1; coot, 1; sora, 
2; domestic chicken (f), 1; pheasant, 6; Hungarian partridge, 3; diving 
duck CKyroca affinis or collaris), 1; green·winged teal (Nettion ca1'olin-
ensis) , 3; pintail, 2; baldpate, 1; mallard, 3; pied-billed grebe, 3; large 
bil d, 1; insect, 2 (2 individnals: 1 Phylloplwga, 1 beetle). 
March 31 to May 16, 1935. 
Representations in 43 undifferentiated pellets from both ADULT and 
YOUNG OWLS: cottontail (including 10 pellets with remains of young), 
19; young- jack rabbit, 4; young rabbit or hare, 2; jumping mouse, 3; 
young muskrat, 1; meadow mouse, 1; deer mouse, 8 (13 individuals) ; harvest 
mouse, 2; mouse, 1; striped ground squirrel (including 1 pellet with remains 
of young), 2; swamp sparrow (Melospiza georgiana), 1; fringillid, 1; 
grackle, 1; red-winged blackbird, 3; yellow-headed blackbird, 6; catbird, 
1; blue jay, 1; bam swallow, 1; probable bank swallow, 2; passerine bird, 
2; l'ed-headed woodpecker, 1; screech owl, 1; least sandpiper (Pisobia 
minutiUa), 1; shorebird, 1; coot, 9; sora, 6 (10 individuals); Virginia rail, 
6; king rail, 1; domestic chicken, 1; pheasant, 1 ; Hupgarian partridge, 2; 
diving duck (Nyroca affinis or collaris), 1; blue-winged teal, 1; mallard, 1; 
pied-billed grebe, 2; probable eared grebe, 1; insect, 3 (at least 6 individuals, 
including 1 Hydroph-il~t,., 3 dytiscids and 1 beetle) . 
May 17 to June 1, 1935. 
Representations in 7 pellets from ADULT OWLS; young muskrat, 3; 
meadow mouse, 1; deer mouse, 1; swamp spaTTow, 1; red-winged blackbird, 
5 (9 individuals); yellow-headed blackbird, 5 (6 individuals); long-billed 
marsh wren, 1; coot, 1; sora, 1; Virginia rail, 1. 
RepreAentations in 9 pellets from YOUNG OWLS: cottontail, 1; jump-
ing mouse, 1; muskrat (including 1 pellet with remains of young), 2; deer 
mouse, 1; mouse, 1; cowbird, 1; red-winged blackbird, 2; yellow-headed 
blackbird,- 6 (10 individuals); icterid, 1; coot, 2; sora, 4; pied-billed grebe, 
2; insee.t, 2 (2 individuals: beetles). 
J une 2 to July 15, 1935. 
Representations in 1 pellet from ADULT OWL: young muskrat (2 in-
diyiduals); deer mouse (ll individuals); red-winged blackbird (2 individ-
uals) ; young yellow-headed blackbird; coot. 
RepI'esentations in 11 pellets from YOUNG OWL: cottontail (including 1 
pellet with remains of young), 2; muskrat (including 6 pellets with re-
mains of 9 young' individuals), 7; young red-winged blackbird, 1; young 
yellow-headed blackbird, 2 (4 individuals); young coot, 1; pheasant, 1; 
bird, 1; snake, 1; insect, 8 (at least 11 individuals; 1 Chrysochus, 5 adult 
und 1 larval P hyllophaga, at least 4 other beetle!!! and insects); crayfish, 1. 
FAMILY STUDY 41-Anoka, Minn. 
Early winter, 1932-33, to February 25. 
Representat ions in 17 pellets from ADULT OWLS; cottont a il, 15; meadow 
mouse,4 (5 individuals); red-backed mouse, 2; deer mouse, 2; short-taileu 
shrew, 1 ; shrew (Sorex sp.), 1 ; screech owl, 1; pheasant, 1. 
Late winter and spring, 1932-33, to about April 20. 
Rel"resentations in 166 undifferentiated pellets f rom both ADULT and 
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YOUNG OWLS: cottontail (including 4 pellets with remains of young), 
140; jack rabbit, 1; jumping mouse (Zap1!S or Naz)(ozap1!s sp.), ]; muskrat, 
1; meadow mouse, 30 (-lo3 individuals); red·backed mouse, 2; deer mouse, 
43 (74 individuals) ; mouse, 3; pocket gopher, 11; flying squirrel, 1; weasel 
(M1!stela cicognanii), 3; short-tailed shrew, 4; shrews, 6 (7 individuals, in· 
cluding 1 Microsorex sp. and 4 80rex sp.); mole, 1; longspur, 1; vesper spar-
roll', 1; fring illid, 3; bluebird, 1; robin, 1; red-headed woodpecker, 1; 
flicker, :3 (5 individuals); moul'lling dove, 1; pheasant, 11; bob-white, 1; 
prail'ie chicken, 1; gallinaceous bird, 1; small bird, 1; insect, 2 (2 individ-
uals: ] Phyllophaga, 1 beetle). 
About April 21 to May 21, 1933. 
Representations in 45 undifferentiated pellets from both ADULT and 
YOUNG OWLS: cottontail (including 13 pellets with remains of young), 
31; jack )'abbit, 1; rabbit or hare, 1; Norway rat, 1; meadow mouse, 5 (7 
individuals); deer mouse, '{ (9 individuals); mouse, 1; pocket gopher, 5; 
stripeJ ground squirrel, 1; short-tail ed shrew, 3; mole, 1; junco, 1; fringil-
lid, 1; wal'bler, 1; bluebird, 2; robin, 2; catbird, 1; flicker, 1.; young great 
homed owl'", 2; prohable pheasant, 1; ruffed grouse, 1; gallinaceous bird, 
probably domestic, 1; frog, 2; salamander, 1; insect., 2 (2 individuals: 
PlIyllophnga) . 
Representations in 3 pellets from ADULT OWLS: cottontail, 2; meadow 
mouse, 1 (2 individuals) ; deer mouse, 1. 
Representations in 6 pellets from YOUNG OWL: cot.tontail (including 1 
pellet with r emains of young), 5; meadow mouse, 2; deer mouse, 2; pocket 
gopher, 2; Fmnklin's ground squirrel, 1; weasel (M1!stela cicognnnii), 1; 
flicker, 2; pheasant, 1; sparrow hawk, 1. 
May 22 to June 18, 1933. 
Representations in 6 pellets from ADULT OWLS: cottontail, 2; deer 
mouse, 2 (9 individuals); pocket gopher, 1; short-tailed shrew, 1 (2 in-
clividual3); fringillid, 1; insect, 1 (3 individuals: Cotalpa). 
Representations in 26 pellets from YOUNG OWL: cottontail (including 
6 pellets with remains of young), 2'2; Norway mt, 3; meadow mouse, 4 (5 
individuals); pocket gopher, 3; short-tailed shrew, 2; brown creeper, 1; 
flicker, 1; screech owl, 6; prairie chicken, 3; ruffed grouse, 1; sparrow 
bawk, 1; bird, 1; insect, 12 (18 individuals: 1 cemmbycid, 10 Geotr·upes, 
1 elatel'id, 2 N eCTophoT1IS, 1 silphid, 2 Calosoma, 1 beetle). 
(B) SPECIAL PHASE STUDIES 
SPECIAL PHASE STUDY 1-Mud Lake, N. Ruthven, Iowa. 
July 25 to early fall, 1933. 
Representations in 20 pellets: cottontail (including 1 pellet with remains 
of young), 8; Norway rat, 1; deer mouse, 2 (3 individuals); muuse, 1; shrew 
(8m'ex sp.), 1; red-winged blackbird, 1; yellow-headed blackbird, 1; flick-
er, 1; coot, 1; pheasant, 1; diving duck (NY7'oca affinis or colla7"is) , 1; 
baldpate, 1; mallard, 8; pied-billed g l'ebe, 1; insect, 1 (1 individual: 
DytisC!IS) , 
Late fall, 1933, to Feb. 10, 1934. 
Representations in 24 pellets: cottontail, 15; meadow mouse, 1 (2 in-
dividuals); deer mouse, 1; red-winged b lackbird, 3 (6 individuals); yellow-
headed lJlackbird, 1; screech owl, 1; coot, 1; pheasant, 3; diving duck 
(Ny1'Oca a/finis or collaris) , 1; gadwall (Chnulelasmus streperus), 1. 
• A tethered young owl of this family group was killed by a brush fire in late April, 
and t he carcass was evidently fed upon by one of the adults. 
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SPECIAL PHASE STUDY 2-N. Philip, S. D. 
Early August to Aug. 25, 1934. 
Representations in 13 pellets: young rabbit 01' hare (mainly jack rabbit 
with some cottontail remains), 9; meadow mouse, 1; hetcromyid rodent, 2; 
meadowlark, 2; young domestic turkey (Meleagris gallopavo) , 1 ; domestic 
chicken, 1; hog-nosed snake (H eterodon sp.), 1; insect, 11 (:n + individ-
uals: 2 Pa,simachus, 1 carabid, 1 tettigoniid, .at least 27 Melanophts); wolf 
~pider, 8 (6 '7 + individuals: Lycosa). 
SPECIAL PHASE STUDY 3-Southern Wis. 
Late summer through early fall, 1930. 
Representations in 10 pellets: cottontail, 6; meadow mouse, 2 (8 individ-
uals); deer mouse, 2 (3 individuals); flying squirrel, 1; short-tailed shrew, 
3; insect, 3 (probably 20 or more individuals, including Pseudolu()a1!l!~s and 
Carabus). 
Late fall through early winter, 1930-32. 
Representations in 35 pelltlts: cottontail, 17 ; Norway rat, 2; house mouse, 
1; meaduw mouse, 4; deer mouse, 9 (35 individuals); flying squirrel, 2; 
weasel (M'U.stela frenata spadix), 1; short-tailed shrew, 1; meadowlark, 1; 
robin, 1; bluejay, 1; young domestic chicken, 1; bob-white, 1; ruffed 
grouse, 4; insect, 1 (11 individuals; 10 Gryllills, 1 acridian). 
SPECIAL PHASE STUDY 4-Southern and Central Iowa. 
Early fall through early winter, 1932-35. 
Representations in 25 pellets: cottontail (including 4 pellets with re-
mains of young), 18; Norway rat, 3; meadow mouse, 3; deer mouse, 6 (24 
individuals); mink, 1; short-tailed shrew, 1; shrew (Sorex sp.), 1 (2 in-
dividuals); mole, 1; fringillid, 1 (3 individuals); domestic chicken, 3; bob-
white, 1; very small bird, 1; insect, 2 (19 individuals: 18 Harpalus, 1 
M elanoplus). 
SPECIAL PHASE STUDY S-Cloquet, Minn. 
Winter, 1932-33, to April 20. 
Representaticns in 21 pellets: cottontail, 1; snowshoe hare, 1~; rabbit or 
hare (including 1 pellet with remains of young), 2; meadow mouse, 1 (2 
individuals); northern flying squirrel (Glaucomys sabrin'Us), 1; chipmunk, 
1; white-throated sparrow, 1. 
Winter, 1933-34, to May 9. 
Representations in 60 pellets* from adult and young owls of 4 nests; cot-
tontail, 7; snowshoe hare (including 2 pellets with remains of young), 50; 
young rabbit or hare, 1; meadow mouse, 5 (7 individuals) ; mouse, 1; swamp 
sparrow, 1; fringillid, 7 (9 individuals); kinglet, 1; brown creeper, 1; 
hairy woodpecker, 1; flicker, 2; solitary sandpiper (Tringa solitaria) , 1; 
sora,2; domestic chicken, 1; ruffed grouse, 2; hawk, possibly goshawk, 1; 
wild duck, 1; small bird, 1 (2 individuals); frog, 1; insect, 3 (3 individuals, 
including 1 dytiscid). 
SPECIAL PHASE STUDY 6-E. Prairie du Sac, Wis. 
Winter, 1936-37. 
Represeutations in 51 pellets: cottontail, 35; Norway rat, 2; meadow 
mouse, 18 (32 individuals); deer mouse, 42 (84 individuals); short·tailed 
shrew, 2; mole, 2; fringillid, 2; downy woodpecker, 1; screech owl, 2; sala-
mander,2 (3 individuals). 
* Collected by R. T. King and students. 
849 
SPECIAL PHASE STUDY 7-E. Prairie du Sac, Wis. 
Winter, 1937-38. 
Representations in 78 pellets : cottont ail, 59; meadow mouse, 12 (21 in-
dividuals); deer mouse, 36 (61 individuals); mouse, 4; f lying squirrel, 1; 
small shrew, 1; mole, 8; junco, 1 (3 individuals); fringillid, 3 (4 individ-
uals); bluejay, 1; bob-white, 3; ruffed gl'Ouse, 2; salamander, 5; amphi-
bian 1; lllsect, 2 (2 indiyiduals: Melanoplus). 
SPECIAL PHASE STUDY 8-N. W. Madison, Wis. 
Wint er, 1929-30, to April 19. 
Representations in 30 pellets: cottontail, 1 ; Norway rat, 4; house mouse, 
2 (3 individuals); meadow mouse 20 (43 individuals); deer mouse, 15 (5'2 
individuals); mouse, 1; cricetine rodent, 3 (5 individuals); flying squirrel, 
3; short-tai led shrew, 12 (18 individuals); fringillid, 2 (4 individuals, in-
cluding 1 probable indigo bunting, Passel'ina cyanea); English sparow, 1; 
bluejay, 1; salamander, 1. 
SPECIAL PHASE STUDY 9-N. W. Madison, Wis. 
Winter, 1929-30, to A pril 19. 
Representations in 33 pellets: cottontail, 9; Norway rat, 13; meadow 
mouse, 15 (26 individuals); deer mouse, 26 (87 individuals); mouse, 2; 
cricetine rodent, 1; short-tailed shrew, 6 (8 individuals). 
SPECIAL PHASE STUDY 10- Stoughton, Wis. 
Winter, 1929-30, to April 12. 
Representations in 21 pellets: cottontail, 5 ; Norway rat, 7; meadow 
mouse, 13 (34 individuals); deor mouse, 9 (23 individuals); short-tailed 
shrew, 1; song sparrow, 1; red-wing cd blackbird, 1; starling, 1; bluejay, 1; 
insect, 3 (3 individuals: 1 Hypem, 2 giant water bugs, either Benacus or 
Lethocems) . 
SPECIAL PHASE STUDY ll-N. W. Emmetsburg, Iowa. 
Fall, 1933, to March 16, 1934. 
Representations in 32 pellets: cottontail (including 4 pellets with remains 
of young), 19; Norway rat, 3; house mouse, 1; muskrat, 6; meadow mouse, 
2 (4 individuals); deer mouse, 5 (9 individuals); harvest mouse, 1; mouse, 
1; Harris sparrow, 1; fringillid, 1; red-winged blackbird, 1; chickadee, 1; 
sapsucker (f), 1; red-headed woodpecker, 1; flicker, 1; short-eared owl, 1; 
screecll owl, 1; pheasant, 3; Hungarian partridge, 1; snake, 1; insect, 7 
(16 individuals : 1 Phyllophaga, 1 Dytisous, 1 dytiscid, 1 Anisodactylus, 9 
Ha?'palus, 2 Pasimachus, 1 beetle); crayfish, 1. 
SPECIAL PHASE STUDY 12-N. N. E. Prairie du Sac, Wis. 
Fall, 1932, to April 27, 1933. 
Representations in 50 pellets: cottontail, 33; jumping mouse, 2; meadow 
mouse, 10 (12 individuals); deer mouse, 23 (67 individuals); mole, 1; frin-
gillid, 4 (6 individuals, including 2 juncos); thrushes (including 1 probable 
robin and 1 probable Hylocichla sp.), 3; coot, 4; bob-white, 5; insect, 1 
(1 individual: cucujid). 
SPECIAL PHASE STUDY 13-E. Prairie du Sac, W is. 
Winter, 1934-35. 
Representations in 42 pellets: cottontail, 9; N oI'way rat, 3; meadow 
mouse, 33 (61 individuals); deer mouse, 27 (85 individuals); flying squir-
rel, 2; bob-white, 8. 
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SPECIAL PHASE STUDY 14-Fairfield, Iowa. 
Fall, 1934, to March 4, 1935. 
Representations in 85 pellets: cottontail, 52; house mouse, 2; meadow 
mouse, JO; deel' mouse, 45 (117 individuals); mouse, 1; shrew (Sorex sp.), 
6; fringillid, 3; grackle; 1; English sparrow, 1; yellow wal'bler (Dendroicn 
()6stiva) , 1; red-bellied woodpecker, 2; short-eared owl, 2; screech owl, 1; 
mourning dove, 1; bob-white, 19; insect, 1 (3 individuals: 1 Geotrupes, 2 
Canthon); crayfish, 2_ 
SPECIAL PHASE STUDY 15-Fairfield, Iowa. 
Fall, 1934, to Ap,ril 6, 1935. 
Representations in 65 p ellets: cottontail (including 5 pellets with r emains 
of young), 55; Norway rat, 1; meadow mouse, 7 (9 individuals) ; deer mouse, 
21 (63 individuals ) ; mouse, ]; weasel ( 1 each of Mu,stela frenata spadix 
and lif_ l-ixosa), 2; shrew (Sol-ex sp_), 1; fringillid, 1; English Rparrow, 1; 
robin, 1; flicker, 3; domestic pigeon, 2; bob-white, 4; small bird, 2; insect, 1 
(individual: H arpal1ls)_ 
SPECIAL PHASE STUDY 16-Mud Lake,* Emmet County, Iowa. 
Spring to May 3, 1934. 
Representations in 14 pellets : cottontail ( including 6 pellets with remains 
of young), 7 ; Norway rat, 1; house mouse, 1; meadow mouse, 2; deer mouse, 
8 ( 14 individuals); h:uvest mouse, 1; fox squirrel, 1; sh6rt-tailed shrew, 1; 
grackle, 4 (5 individun,ls ) ; meadowlark, 1; passerine bird, 2; domestic chick-
en, 1 ( remains of adult and of 3 young of about 10 days); pheasant, 1; 
s(~aup (probably Nyroca affinis), 4; baldpate, 4; duck, 1: insect, 2 (3 in-
dividuals : 2 Canthvn, 1 beetle). 
SPECIAL PHASE STUDY 17-S. Madison, Wis. 
Winter, 1931-32, to April 3. 
Hepresentations in 33 pellets: cottontail, 22; Norway rat, 4; meadow 
mouse, \) (10 individuals ); deer mouse, 14 (63 individuals); small bat, 1; 
~hort-tailed shrew, 1; fl'ingillid, 2 ( 6 individuals, including 2 possible tree 
sparrows); kinglet. 1; robin, 2; pheasant, 1; bob-white, 1; bird, 1; sala-
mander, 1; fish 2 (13 individuals: 4 Lepomis, 6 Micoptems, 1 centrarchid 
aIla 2 Cypl-inu,s). 
SPECIAL PHASE STUDY 1S-N. E. Ogden, Iowa. 
Winter, 1933-34, to April. 
Repres('ntations in 21 pellets: cottontail, 10; meadow mouse, 1 (2 individ-
uals ) ; deer mouse, 4 (5 individuals); weasel (Mu,stela fl-enata spadix), 1; 
shrew, 1; mole, 4; junco, 1; bluejay, 1; bob-white, 3; fish, 6 (9 + individ-
uals: 1 Lepomis, 1 Semotilu8, 2 Catostomus, 1 Ictiobus and at least 4 other 
fishes); crayfish, 1. 
SPECIAL PHASE STUDY 19-5. W. Roxbury, Wis. 
Winter, 1929-30, to April 12. 
Representations in 40 pellets: cottontail, 37 ; Norway rat, 1; meadow 
mouse, 4; deer mouse, 5 (7 individuals); mouse, 1; chipmunk, 1; domestic 
pigeoIl, 1. 
SPECIAL PHASE STUDY 20-City Waterworks Supply Grounds, 
Des Moines, Iowa. 
Fall, winter and early spring, 1932-35. 
Representations in 29 pellets: cottontail, 20; jumping mouse, 2; Norway 
rat, 1 (2 individuals); meadow mouse, 6 (7 individuals); deer mouse, 5 
(14 individuals); short-tailed shrew, 1; shrew (Sorex sp.), 1 (2 individuals) ; 
rcd-winged blackbird, 2; domestic pigeon, 2 . 
• This is a different Mud Lake from the one north of Ruthven to which usual refer-
ence is made in this bulletin. 
